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ABSTRACT 
Occurrence of Salmonella spp. in Hens Eggs and their Environment in 
Selected Farms in Gaza Strip  
Salmonellosis is one of the most common and widely distributed food-borne 
diseases. It constitutes a major public health burden and represents a 
significant cost in many countries.  The presence of any serotype of 
Salmonella in food renders that food unfit for human consumption. 
Salmonella are known for its wide range host. It can cause variety of 
diseases in some hosts while in others, can be asymptomatic. Poultry and 
eggs are considered as major sources for these pathogenic microorganisms. 
Eggs produced locally under the existing conditions may present a hazard to 
consumers which may increase the spread of Salmonella in the environment. 
To investigate the occurrence of Salmonella, a total of 596 samples (100 egg 
pools, 88 feed samples, 320 chicken excreta and cloacal swabs and 88 water 
samples) were collected from 12 poultry farms in Gaza strip. Sampling 
program was executed between January  and December 2007. Samples 
were tested at the Public Health Laboratory of Ministry of Health (MOH) in 
Gaza using standard laboratory methods - control Salmonella serotypes were 
used as a guide.  
Data was collected through direct interview and structured questionnaire, 
prepared by the researcher. The questionnaire was scrutinized and validated 
by academic and specialists at the Ministry of Agriculture and by the 
supervisors and applied on 12 poultry farms  to evaluate the level of cleaning 
in certain Gaza strip farms were answered by farms owner's. 
The study showed that egg pools, feed samples and water samples were 
negative for Salmonella spp., whereas one Salmonella spp. was isolated 
from chicken excreta pools from khan-Younis poultry farm. 
To the best of our knowledge, this is the first study in Gaza investigating the 
occurrence of Salmonella spp. in eggs and environment in selected local egg 
production farms. 
Keywords: Salmonella, egg quality, poultry, Gaza strip 
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  صالملخ
  قطاع غزةب  الدواجن في بعض مزارعوبيئتهمدى انتشار السالمونيال في بيض الدجاج 
 على اً كبيراًتعتبر السالمونيال من أهم األمراض المنقولة لإلنسان عن طريق الغذاء حيث أنها تشكل عبئ
 الغذاء يجعله إن وجود أي نوع من السالمونيال في .الصحة العامة وتمثل تكلفة كبيرة في كثير من البلدان
غير صالح لالستهالك اآلدمي، ومن المعروف أن السالمونيال توجد في عوائل كثيرة، ويمكن أن تؤدي إلى 
ض  ويعتبر كل من الدجاج والبي، في األخرى بدون أعراضتكون كثير من األمراض في بعض العوائل بينما
  .من أهم مصادر نقل هذا الميكروب
ظروف القائمة قد يشكل خطرا على المستهلك، فضال عن انتشار السالمونيال البيض المنتج محليا في ظل ال
 100: ( عينة من مزارع الدجاج وهي تمثل األتي596في البيئة، ولمعرفة مدى انتشار السالمونيال، تم جمع 
 إلى 2007 ينايرما بين في الفترة )  عينة من براز ومسحات الدجاج320عينة أعالف،  88عينة بيض، 
 وقد استخدمت في .وزارة الصحة في قطاع غزةل التابع، وتم فحصها في مختبر الصحة العامة 2007ربديسم
تلك الفحوصات المخبرية المعتمدة في المختبرات العالمية وتم االسترشاد بسالالت معروفة من ميكروب 
  .السالمونيال
د من قبل الباحث وأعد له التحكيم تم جمع المعلومات من خالل مقابلة شخصية وباستخدام استبيان منظم أع
 مزرعة 12 على نوطبق هذا االستبيا.  وأخصائيين في وزارة الزراعة ومن قبل المشرفنمن قبل أكاديميي
 من قبل  على أسئلة االستبيان  تمت اإلجابةو، تلك المزارع م مستوى النظافة في ييفي قطاع غزة لتق
  .المزارعين
 الدراسة بينتمن عينات البيض والعلف والمياه خالية من السالمونيال، بينما أظهرت نتائج الدراسة بأن كل 
يشار إلى أن هذه  .لسالمونيال في براز الدجاج في إحدى مزارع خانيونسل موجبة إلى وجود عينة واحدة 
  .مزارع الدجاج البياض و بيئتهأول دراسة تجرى في قطاع غزة للكشف عن مدى انتشار السالمونيال في 
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CHAPTER I  
INTRODUCTION 
1.1 Overview 
Eggs and egg products are nutritious foods and they form an important part 
of the human diet. Consuming eggs, however, has been associated with 
negative health impacts. Eggs and egg products that are improperly handled 
can be a source of food-borne diseases, such as salmonellosis. 
Salmonellosis is one of the most common and widely distributed food-borne 
diseases. It constitutes a major public health burden and represents a 
significant cost in many countries. Millions of human cases are reported 
world-wide every year and the disease results in thousands of deaths (1). 
Salmonella is one of the most prevalent food-borne pathogens in the United 
States (U.S.), and it is estimated that 1.4 million infections and 600 deaths 
occur annually due to the consumption of foods contaminated with 
Salmonella (2). In addition, salmonellosis results in annual economic costs of 
approximately $ 2.3 billion (3). 
The genus Salmonella is divided into two species, Salmonella enterica, which 
consists of six subspecies, and Salmonella bongori, currently the genus 
includes a total of 2,500 serotypes (4). Salmonella enterica subspecies 
enterica (subspecies I) is responsible for 99.5 % of infection in man and 
animal (5). Most of the infections are zoonotic in origin but some serotypes 
like Salmonella Typhi and Salmonella Paratyphi infect only humans (6). 
During the past ten years there has been a dramatic increase in non-
typhoidal salmonellosis. In U.S., alone there are an estimated 1.5 million 
cases of non–typhoidal salmonellosis each year, accounting for nearly one 
third of death associated with food-borne illness (2, 6). The predominant 
serotypes responsible for non-typhoidal salmonellosis are Salmonella 
enterica serotype Enteritidis and Typhimurium (1, 7). 
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A wide range of foods has been implicated in food-borne illness attributable 
to Salmonella enterica. Foods of animal origin, especially poultry, poultry 
products and raw eggs, are often implicated in sporadic cases and outbreaks 
of human salmonellosis. Recent years have seen increases in salmonellosis 
associated with contaminated fruits and vegetables. Other sources of 
exposure include water, handling of farm animals and pets, and human 
person-to-person when hand-mouth contact occurs without proper washing 
of hands (8). 
Human illness by Salmonella Enteritidis has increased world-wide in the last 
two decades, due to ingestion of contaminated eggs, and it is currently 
considered the primary cause of salmonellosis in the world (9). In addition, 
the presence of S. Enteritidis in shell eggs constitutes a public health hazard, 
and poses a considerable economic impact on the poultry and egg industry. 
It is estimated that, in the U.S., Salmonella transmission through 
contaminated shell eggs or egg products results in 700,000 cases of 
salmonellosis and costs $1.1 billion annually (10). 
In many countries, Salmonella spp. are controlled in egg production chain. 
Egg-laying flocks are monitored for Salmonella spp., and any flock confirmed 
with S. Enteritidis or S. Typhimurium is slaughtered. In addition, both feed 
materials and compound feeding stuffs for poultry are tested for Salmonella 
in those countries (11). 
Several governmental agencies including the  Food and Drug Administration 
(FDA)  have implemented an egg safety action plan to eliminate S. Enteritidis 
illnesses due to eggs.  In Gaza strip, however, there are no directives to 
control the process of egg production (12, 13). In addition to the absence of 
control steps, there are no published data on eggs quality in Gaza strip. This 
investigative work is proposed to address this issue and will focus on egg 
produced for commercial purposes in local farms. 
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1.2 Objectives 
The main objective of this study is to investigate the occurrence of 
Salmonella spp. in eggs and environment in selected local egg production 
farms. The following specific objectives will be achieved: 
1. Determine the distribution of Salmonella spp. isolates by governorates. 
2. Correlate Salmonella isolation with farm conditions. 
1.3 Significance 
Salmonella spp. are recognized as a major cause of food-borne illnesses 
in many countries that are closely associated with the consumption of 
contaminated poultry and eggs products.  Lack or absence of data on 
the prevalence of Salmonella spp. among poultry farms in Gaza strip will 
increase the incidence rate of disease. However, data gathered in this 
study may help in decreasing the incidence of disease and reduce the 
health expenses.  The use of poultry manure and excreta which are 
positive for Salmonella spp. lead to contamination of environments such 
as water, soil and agriculture and it is recommended that manure should 
be processed  before used. 
Data generated from this study may prove valuable to many private and 
governmental institutions (e.g., Ministry of Health, Ministry of Agriculture, 
Ministry of National Economy and private sector) that may help in 
reducing the incidence of Salmonella associated diseases in Gaza strip.  
 
 4
CHAPTER II  
LITERATURE REVIEW  
2.1 Salmonella 
2.1.1 Characteristics, taxonomy and nomenclature of Salmonella 
Salmonella have been known to cause illnesses for more than 100 years 
when it was discovered by Dr. Daniel Salmon (6). Salmonella are Gram-neg 
ative bacilli belonging to the Family Enterobacteriaceae. Salmonella, like 
most Enterobacteriaceae, are motile, nonspore forming, and facultative 
anaerobes that reduce nitrates to nitrites, ferment glucose, and are oxidase 
negative (6). 
The genus Salmonella consists of only two species, Salmonella bongori and 
Salmonella enterica, with the latter being divided into six subspecies (I – VI); 
S. enterica subsp. enterica (I), S. enterica subsp. salamae (II), S. enterica 
subsp. arizonae (IIIa), S. enterica subsp. diarizonae (IIIb), S. enterica subsp. 
houtenae (IV), and S. enterica subsp. indica (VI) as shown in table 2.1 (14- 
16).  
Table (2.1): Salmonella enterica subspecies 







All Salmonella strains are serologically classified using Kauffmann-White 
scheme, and at the present the genus contains more than 2,500 serotypes 
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(14-16). The majority of the Salmonella serotypes belong to S. enterica 
subsp, enterica (about 60%), followed by subspecies salamae (20%), 
diarizonae (13 %), arizonae (3.8 %), houtenae (2.8%) and indica (0.45%). 
Only (0.8%) belong to the second species Salmonella bongori (5).  
Strains that belong to S. enterica subsp. I (S. enterica subsp. entericae), are 
frequently pathogenic to humans and mammals while those belonging to 
subspecies II, IIIa, IIIb, IV, VI and Salmonella bongori  are usually isolated 
from reptiles and other cold- blooded animals (17). 
2.1.2 Salmonellosis 
Salmonellosis is primarily a food-poisoning syndrome, which occurs when 
ingesting pathogenic Salmonella serotypes. The cause of food-borne 
salmonellosis is the penetration and passage of Salmonella organism from 
the gut lumen into the epithelium of the small intestine where inflammation 
occurs. There is also evidence that the pathogenesis may involve two toxins; 
an enterotoxin and a cytotoxin (18). 
Salmonellosis is an infectious disease in both humans and animals. The 
infection is manifested in three forms; gastroenteritis, involving nausea, fever, 
vomiting and diarrhoea, enteric fever (typhoid and paratyphoid) and 
septicemia, which is usually characterized by fever, anorexia, anaemia and 
local lesions on the visceral organs (19). Human infections are usually 
associated with animal contact and the consumption of contaminated food 
products such as poultry, meat and other dairy products (20). Salmonellosis 
is usually considered as an asymptomatic or self-limiting illness, but it can 
also become invasive and fatal, especially for patients who are young or 
immunocompromized (21). 
Non-typhoidal Salmonella strains are important causes of infections in both 
humans and animals. This disease is caused by Salmonella serotypes other 
than S. Typhi and S. Paratyphi. It is a major food-borne infection with world-
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wide distribution. The majority of cases are self-limiting gastroenteritis (22). 
The clinical symptoms usually appear 8 to 72h after contact with the 
pathogen. The typical symptoms are usually nausea, vomiting, abdominal 
pain and diarrhea with or without fever. Few (<5%) of the patients develop 
invasive Salmonella infections or bacteremia and about 10% of those with 
invasive disease develop localized infections (6). 
During the past decade, there had been a significant world-wide increase of 
non-typhoidal salmonellosis especially in industrialized countries including, 
the United kingdom (U.K), Germany, France, Austria, Denmark, and the 
United States of America. In the U.S., 1.3 million illnesses and 400 to 600 
deaths each year (2). The most common serotypes responsible for the 
disease are S. Enteritidis and S. Typhimurium (1). 
2.1.3 Salmonellosis outbreaks linked to eggs 
S. Enteritidis emerged as a pathogen of poultry in the mid 1970s, but later 
became an important human pathogen. Human S. Enteritidis infections 
showed a dramatic increase since the 1980s, and has become the most 
commonly isolated serotypes in many countries (23).  
S. Enteritidis came to prominence as a major food-borne pathogen in Europe 
and America during the 1980s (24). By 1997, it was implicated in over 70% of 
cases of human salmonellosis in England and Wales (25) and, despite a 
recent decline in incidence, it is the serotype most commonly isolated from 
gastrointestinal infections in the United Kingdom and remains among the 
most significant Salmonella serotypes in public health elsewhere, including 
North America (26). 
In the United States food-borne Salmonella are estimated to cause 
approximately 1.3 million illnesses, 15,000 hospitalizations, and 500 deaths 
each year. About 300,000 of these illnesses may be attributable to S. 
Enteritidis (2).
 
Most, perhaps as many as 80%, of S. Enteritidis infections are 
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associated with eggs (27). During the 1980s and 1990s, S. Enteritidis 
emerged as an important cause of human illness in the United States, and 
the rate of S. Enteritidis isolates reported to CDC increased from 0.6 per 
100,000 population in 1976 to 3.6 per 100,000 in 1996. Case-control studies 
of sporadic infections and outbreak investigations found that this increase 
was associated with eating raw or undercooked shell eggs (28, 29).    
There were a total of 997 reported outbreaks of S. Enteritidis infection in the 
United States from 1985–2003 (figure 2.1), which resulted in 33,687 
illnesses, 3,281 hospitalizations, and 82 deaths. The number of reported 
outbreaks of S. Enteritidis infection in the United States increased from 26 in 
1985 to a high of 85 in 1990, with a gradual decrease thereafter to 34 
outbreaks in 2003. In addition, the number of cases in outbreaks each year 
has decreased, from a high of 2,656 in 1990 to a low of 578 cases in 2003 . 
A food vehicle was confirmed in ~ 44% of outbreaks of S. Enteritidis infection 
in the United States. Among outbreaks of S. Enteritidis infection with a 
confirmed food vehicle from 1985–2003, 75% of outbreaks had vehicles that 






Figure (2.1): Number of outbreaks of S. Enteritidis infection and associated cases in 
the United States, 1985–2003 (30). 
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S. Enteritidis continues to be an organism of concern for egg industry since it 
has the ability to internally contaminate eggs. Data from 1970 up to 2004 is 
shown in figure 2.2.  It was found that S. Enteritidis cases from the mid 1980s 
through the mid 1990s was primarily a problem in the Northeastern part of 
the United States, and was peaked in the mild 1990s and dropped in the late 
of 1990s. This decrease has leveled off in the last years and the reason is 
unknown (31). 
 
Figure (2.2): S. Enteritidis cases rate per 100,000 by year 1970- 2005 (31). 
S. Enteritidis was recognized as a public health problem in Northeastern 
states during the 1980s and has since spread throughout the United States.  
During 1985-1998, state and territorial health departments reported 796 S. 
Enteritidis outbreaks that accounted for 28,689 illnesses, 2839 
hospitalizations, and 79 deaths.  Of the 360 S. Enteritidis outbreaks with a 
confirmed source, 279 (82%) were associated with raw or undercooked shell 
eggs (28, 32).  
In United States, during the period 1990-2001, state and territorial health 
departments reported 677 S. Enteritidis outbreaks, which accounted for 
23,366 illnesses, 1,988 hospitalizations, and 33 deaths. Among the 309 
outbreaks reported with a confirmed vehicle of transmission, 241 (78.0%) 
were associated with shell eggs, accounting for 14,319 illnesses (33). 
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The incidence of S. Enteritidis increased several years later in Denmark than 
in the United States, the United Kingdom, and central Europe; and found that  
the incidence of S. Enteritidis infection among humans increased during the 
1990s, and the epidemic peaked in 1997 with an incidence of 70 % reported 
cases per 100,000 population as shown in figure 2.3. On the basis of 
systemic phage typing of isolates collected from humans and from food 
chain, they estimated that 55-65 % of total salmonellosis cases in Denmark 
could be attributed to eggs (34).    
 
Figure (2.3): Incidence of S. Enteritidis infection among human in Denmark, 1990-
2001(34). 
The  most reported Salmonella outbreaks in humans in the last 10 years in 
the world, of which the origin of infection was traced back to eggs, were 
caused by S. Enteritidis; some S. Typhimurium and one S. Heidelberg isolate 
are rare exceptions (table 2.2). Serotypes other than Enteritidis indeed are 
isolated from egg contents at a much lower frequency (35).  
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Table (2.2): Overview of Salmonella serotypes isolated from outbreaks in 
humans, with eggs as the presumed origin, in the last decade all over the 
world (35). 
Place Serotype Isolates Publication 
Austria S. Enteritidis 1 2003 
DenmarkS. Enteritidis1 2002 
Australia S. Typhimurium 1 2002 
Australia S. Typhimurium 1 2002 
Australia S. Typhimurium 1 2002 
Japan S. Enteritidis 1 2001 
US S. Enteritidis 4 2000 
Italy S. Enteritidis 1 2000 
Japan S. Enteritidis 1 1999 
US S. Enteritidis 1 1999 
Denmark S. Enteritidis 1 1999 
UK S. Enteritidis 1 1999 
Italy S. Enteritidis 1 1998 
Brazil S. Enteritidis 5 1998 
UK S. Enteritidis 1 1998 
Italy S. Enteritidis (11) 
S. Heidelberg (1) 
12 1998 
N. Ireland S. Enteritidis 1 1997 
Mexico S. Enteritidis 10 1997 
Spain S. Typhimurium 1 1997 
US S. Enteritidis 2 1996 
UK S. Enteritidis 1 1996 
US S. Enteritidis 1 1996 
UK S. Enteritidis 1 1996 
UK S. Enteritidis 1 1995 
UK S. Enteritidis 1 1995 
Brazil S. Enteritidis 1 1995 
UK S. Enteritidis 1 1995 
UKS. Enteritidis1 1994 
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2.1.4 Epidemiology  
2.1.4.1 Serotypes involved 
In many countries the incidence of human Salmonella infection has increased 
markedly over the year. In the United States, Salmonella serotypes affect 
approximately 1.4 million persons and cause 500 to 2,000 deaths each year 
(2, 36). In 2005, Centers for Disease Control and Prevention (CDC) 
documented  36,184 Salmonellas cases in the U.S., and found that the two 
most common serotypes isolated from human sources were S. Enteritidis and 












Figure (2.4): Salmonella serotypes isolation in the United States per 100,000 




In the last decade a dramatic increase in infections caused by Salmonella 
has been registered in several countries in Europe as well as in North and 
South America. During the period from 2000 to 2002, a total of 376,856 
human and 65,789 nonhuman Salmonella isolations were reported  into the 
World Health Organization (WHO) from many countries in the world including 
(Africa, Asia, Latin America and the Caribbean, Europe, North America, and 
Oceania), As shown in table 2.3 (39).  
North America and Europe accounted for 87.9% (389,134) of all reported 
isolates. The most common Salmonella serotypes isolated from human 
sources were S. Enteritidis was by far the most common serotype reported 
from human isolates globally. It accounted for 65% of all isolates, followed by 
S. Typhimurium at 12% and S. Newport at 4%. Among nonhuman isolates, 
S.  Typhimurium was the most commonly reported serotype accounting for 
17% of isolates followed by S. Heidelberg (11%) and S. Enteritidis (9%) (39).  
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Table (2.3): Number of Salmonella serotypes isolated reported to the World 
Health Organization 2000-2002 (39). 
Nonhuman Human 
2002 2001 2000 2002 2001 2000 
Country 
1,477 101 33 965 406 104 Africa
10 12   247 263   Cameroon 
      34     Mail 
      76     Morocco
91 89 33 220 143 104 Senegal
      388     Tunisia
1,376 1,513 4,056 5,771 6,696 8,233 Asia
127 98 43      China
            Indonesia 
      1,890 2,452 2,631 Japan
      843 918 1,260 Korea
    1,390     499 Malaysia 
      20 30   New Caledonia 
          606 Philippines
1,504 1,415 2,404 2,922 3,279 3,233 Thailand 
     96 17 4 Vietnam
3,113 8,952 10,628 85,385 73,556 91,788 Europe
       10,260 13,642 Belgium
      1,482 1,001 789 Bulgaria 
45   52       Cyprus 
     27,381 4,030 4,774 Czech republic 
  5,402 5,981 1,844 2,632 2,063 Denmark 
78 38 178       Estonia
    3,068       Germany 
842   337       Greece 
1,809 1,448 748 14,678 14,462 16,271 Hungary 
     3,859 4,043 4,428 "Israel" 
132 139         Latvia 
          381 Luxembourg 
        1,639 1,289 Norway
151 524 234 28,705 26,601 38,138 Poland 
        539 354 Portugal 
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Tablet (2.3)  cont. 
Nonhuman Human 
2002 2001 2000 2002 2001 2000 
Country 
  46   4,873 5,003 5,172 Serbia and Montenegro
56 1,354 30      Slovakia 
      2,563 1,576 3,456 Slovenia 
       1,770 1,031 Switzerland
727 633 411 2,491 2,239 2,054 Lactic America and Caribbean
147 165 124 487 608 633 Argentina
23 24  71 27  Barbados 
2 8   9 19   Bolivia
395 329 218 1,284 920 929 Chile 
52 31  194 135 145 Colombia
49 11     49   Costa Rica 
      65     Cuba 
      149     El Salvador 
19 5 7 49 120 115 Peru
      18     Suriname
        67   Trinidad 
40 60 62 165 294 232 Venezuela 
9,558 10,337 8,808 29,301 28,508 29,201 North America 
4,676 4,743 3,588 4,962 4,992 4,788 Canada 
4,882 5,594 5,220 24,339 23,516 24,413 USA
  1,987 1,825 1,832 2,377 5,949 Oceania 
          4,202 Australia 
  1,987 1,825 1,832  2,377  1,747 New Zealand 
22 22 20 31 31 29 Total countries 
16,506 23,522 25,761 125,745 113,782 137,329 Total isolatesserotyped 
 
A total of 565,042 human and 102,113 non-human Salmonella isolates were 
reported into the (WHO)  in many countries in the word and found that the 
most common  Salmonella serotypes were S. Enteritidis  and  S. 
Typhimurium (40). As shown in figure 2.5. 
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Figure (2.5): Distribution of human Salmonella serotypes by region. WHO, 2005 
(40). 
In developing countries, including Palestine there are no sufficient data 
available on Salmonella infection and the likely sources of salmonellosis due 
to limited epidemiological studies. Further, where incidence data are 
available  these are frequently out-dated. In addition, under-reporting of 
cases and the presence of other infectious diseases considered to be of high 
priority may have also overshadowed the problem of salmonellosis.  
In  Gaza strip  the prevalence of Salmonella isolates from human sources 
was documented by  Gaza strip Central Laboratory Report,  in 2005 and 
2006  were 1.14% and 1.1 % respectively (41, 42). 
Epidemiological data of salmonellosis from non-human sources has been 
reported in Gaza strip by the Public Health Laboratories as documented 
during 2007. A total of 2,494 samples (sewage, water, vegetables, meat and 
fish, milk and milk product, biscuits and ice cream and others) were tested for 
Salmonella   and found that only two samples were positive for Salmonella 
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one from sewage and another one  from chicken excreta as shown in table 
2.4 below (43).  
Table (2.4): Number of Salmonella tests according to type of sample in 2007 
(43).      
Not complying samples No. of samples Type of sample 
1 55 Sewage 
0 119 Drinking water 
0 281 Vegetables 
0 114 Meat & fish 
0 472 Milk & milk products 
0 524 Biscuits & ice cream 
1 929 Others 
2 2,494 Total 
 
2.1.4.2   Types of food involved 
The contribution of the various food categories to the occurrence of 
domestically acquired human salmonellosis varies between countries 
depending on the prevalence of different Salmonella serotypes in various 
food production chains, as well as consumption patterns and food 
preparation practices. Moreover, that picture will also change with time (44). 
Most food-borne S. Enteritidis infections are associated with the consumption 
of raw eggs and foods containing raw eggs, such as homemade egg nog, 
biscuit butter, homemade ice cream, mayonnaise, Caesar salad dressing and 
Hollandaise sauce. In fact, 77% to 82% of S. Enteritidis outbreaks have been 
associated with grade A shell eggs, or egg-containing foods undercooked 
eggs and products containing undercooked eggs, such as soft custards, 
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French toast, soft-fried and poached eggs, are also significant sources of S. 
Enteritidis. According to a recent USFDA report, between 128,000 and 
640,000 Salmonella infections are annually associated with the consumption 
of S. Enteritidis-contaminated eggs, and the CDC estimates that 75% of all 
Salmonella outbreaks are due to raw or inadequately cooked Grade A whole 
shell eggs (8). 
Salmonellosis outbreaks in the United States implicating eggs and egg 
products  such as homemade ice cream, mayonnaise and others egg 
products for the transmission of S. Enteritidis were presented in table 2.5  
which contain summary of different  studies (45). 
In 1988, there were 147 cases of salmonellosis that were associated with 
consumption of homemade ice cream prepared with contaminated raw eggs, 
as well as by scrambled eggs and omelets. Other egg-based foods involved 
in the transmission of S. Enteritidis were mayonnaise, and Hollandaise and 
Béarnaise sauces, prepared with contaminated raw or undercooked eggs. In 
1994, a national outbreak of salmonellosis occurred due to S. Enteritidis 
contamination of commercial pasteurized ice-cream mix, which had been 
shipped in trucks that had previously transported unpasteurized, 
contaminated raw egg; approximately 224,000 cases resulted from this 
incident. In addition, contaminated baked eggs, egg based salad dressings, 
homemade beverages, and salads have been implicated in salmonellosis 
outbreaks in recent years. 
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Table (2.5): Selected salmonellosis outbreaks in the United States 
implicating eggs and egg products for the transmission of S. Enteritidis (45). 
Cases Food implicated Location 
88 Homemade ice cream prepared with 
raw eggs 
New Jersey 
47 Scrambled eggs New Jersey 
12 Omelets New York 
21 Pasta dish with raw eggs New York 
12 Egg based custard pies Pennsylvania 
27 Hollandaise/Béarnaise sauce 
(undercooked eggs) 
Tennessee 
4 Omelets, scrambled eggs, egg salad California 
23 Hollandaise/Béarnaise sauce (raw 
eggs) 
California 
22 Mayonnaise California 
224,000 
(estimated) 
Commercially produced ice cream 
(raw egg contamination) 
Nationwide 
56 Hollandaise sauce (raw eggs) Washington, D.C. 
70 Baked eggs Indiana 
76 Caesar salad dressing New York 
3 Homemade beverage with raw eggs New York 
688 Tuna salad with undercooked eggs South Carolina 
51 Shell eggs South Carolina 
According to WHO (FAO/WHO, 2001), in Europe in the period 1993 – 1998, 
the incriminated food was identified in 1,409 outbreaks caused by S. 
Enteritidis and in 188 outbreaks caused by S. Typhimurium. At least 76% of 
S. Enteritidis outbreaks reported were related to the consumption of “cooked” 
eggs, egg products or foods containing raw eggs such as ice creams or 
creams pastry fillings as shown in table 2.6 below (44).  
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Table (2.6): Types of food identified in the outbreaks caused by S. Enteritidis 
and by S. Typhimurium (44). 
Percentage caused by 
Types of food 
S. Enteritidis S. Typhimurium 
Eggs and egg products 68 39 
Cakes and ice cream 8 2 
Meat and meat products 4 33 
Mixed foods 4 2 
Poultry and poultry products 3 10 
Milk and milk products 3 2 
Fish and shellfish 2 3 
Other 8 9 
Total (%) 100 100 
 
2.1.5 Salmonella in animals 
Salmonella are widely distributed in the animal kingdom, including a wide 
range of wild and domestic animals and can be excreted in their feces. The 
degree of host adaptation varies between Salmonella serotypes and affects 
the pathogenicity for man and animals. For epidemiological reasons, it is 
common to place the Salmonella into three groups depending on their 
pathogenic reactions. The first group of serotypes is infectious and host 
adapted to only humans. These include serotypes such as S. Typhi, S.  
Paratyphi A and S. Paratyphi C. This group includes the organisms 
associated with typhoid and the paratyphoid fevers, which are the most 
serious of all the diseases caused by Salmonella. The second group is host-
adapted serotypes to animals, although some of these may also be human 
pathogens. Included are S. Gallinarum (poultry), S. Dublin (cattle), S. 
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Abortus-ovis (sheep), and S. Choleraesuis (swine). The third group is 
unadapted serotypes with no host preference. All these serotypes are 
potentially pathogenic for humans and animals and they include most food-
borne serotypes (18). 
However, foods of animal origin, especially poultry and poultry products, 
including eggs, have been consistently implicated in sporadic cases and 
outbreaks of human salmonellosis, and chicken products are widely 
acknowledged to be a significant reservoir for Salmonella. They have 
frequently been incriminated as a source of Salmonella contamination and 
consequently thought to be major sources of the pathogen in humans 
Furthermore, one of the commonest causes of Salmonella infection reported 
in humans has been through the handling of raw poultry carcasses and 
products, together with the consumption of undercooked poultry meat (20, 
46). 
The incidence of Salmonella in poultry has been well determined in many 
countries such as (United States, Belgium, UK, Malaysia, Spain   and Japan), 
and the level of contamination by Salmonella ranged from 20% to 89% from 
total poultry population (18, 20, 47, 48, 49, 50). 
In a study  done in Gaza strip it was  found that frozen whole meat samples 
were free of Salmonella, while it was  positive in three of 30 fresh poultry 
meat samples tested which were slaughtered locally, and he reported the 
same result from beef meat (51). 
 In Another study done in Gaza strip it was  found that  fresh, chilled and 
frozen poultry were contaminated with Salmonella, 19.2%, 18.8%, and 0.0 
respectively, with  a mean average of 16.4% (52). 
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2.2 General characteristics of shell eggs  
2.2.1 Egg as a food 
Eggs are among the most nutritious foods on earth and can be part of a 
healthy diet. However, they are perishable just like raw meat, poultry, and 
fish. Unbroken, clean, fresh shell eggs may contain S. Enteritidis bacteria 
that can cause food-borne illness. While the number of eggs affected is quite 
small, there have been cases of food-borne illness in the last few years. To 
be safe, eggs must be properly handled, refrigerated, and cooked (53). 
Chicken is the most important bird used to produce eggs for human 
consumption around the world, and eggs are a unique well-balanced source 
of nutrients in the human diet. Egg proteins have a high biological value, and 
are often used as a standard to compare the quality of other proteins in 
foods. In addition, eggs contain unsaturated fatty acids, iron, phosphorus, 
trace minerals, and vitamins. Shell eggs consist of 9.5% shell, 63% albumin, 
and 27.5% yolk (45).   
2.2.2 Egg production 
Egg formation is a process that occurs in the ovary and the oviduct of the 
chicken’s female reproductive system. Formation of the unfertilized egg starts 
with generation of the yolk (ovum) in the ovary, followed by its release to the 
upper part of the oviduct. Subsequently, yolk membrane, albumin, and shell 
are produced during the pass of the yolk through the different portions of the 
long tubular oviduct. Laying chickens produce a complete shell egg 
approximately every 24 h, which is the time required for the egg to reach its 
full size and shape (45). 
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2.2.3 The structure of the egg 
An egg consists of a yolk at the centre, surrounded by albumin (white), both 
of which are enclosed within the shell. The yolk structure consists of the 
latebra, the germinal disc or blastoderm, and a series of layers of light and 
dark yolk, which are enclosed by the vitelline membrane (figure 2.6). The 
albumin is made of four layers, from the inside to the outside of the egg, that 
includes the chalaziferous that extends as a rope-like structure and keeps the 
yolk in the center of the egg, the adjacent inner thin layer, the dense 
albuminous sac, and the surrounding outer thin layer. The outer covering 
consists of two keratin-like inner and outer membranes, with 0.01-1.02 mm 
total thickness, encircled by the shell.  The egg shell is composed of 94% 
calcium carbonate, 1% magnesium carbonate, 1% calcium phosphate, and 
4% protein. The shell is a porous structure (~10,000 pores/shell), has an 
average thickness of 0.31 mm, and is covered by the cuticle, which is a 
protein-rich coating that constitutes the most external layer of the egg (45, 
54, 55). 
 
Figure (2.6): Schematic representation of the parts of the egg (45). 
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2.2.4 Contamination of eggs by Salmonella  
Bacterial infections of shell eggs and its content can occur in two different 
ways: either vertically or horizontally. Of these, the first is mainly associated 
with Salmonella spp., especially S. Enteritidis (55). In vertical transmission, 
Salmonella are introduced from infected reproductive tissues to eggs prior to 
shell formation. Salmonella serotypes associated with poultry reproductive 
tissues that are of public health concern include S. Enteritidis, S. 
Typhimurium and S. Heidelberg. Among the different serotypes, S. Enteritidis 
may be better able to achieve invasion, and as a consequence, may be 
found more frequently in reproductive tissues (56-58). 
Horizontal transmission is usually derived from fecal contamination on the 
egg shell. It also includes contamination through environmental vectors, such 
as farmers, pets and rodents. Many different serotypes of the genus 
Salmonella can be involved. They may be able to contaminate egg contents 
by migration through the egg shell and membranes. Such a route is 
facilitated by moist egg shells, storage at ambient temperature and shell 
damage by Salmonella (8). Vertical transmission is considered to be the 
major route of Salmonella contamination and is more difficult to control, while 
horizontal transmission can be effectively reduced by cleaning and 
disinfection of the environment (8). 
2.2.5 Microbial quality of eggs 
The hen's eggs are an excellent example of a product that is normally is well 
protected by its intrinsic parameters. Externally, a fresh egg has three 
structures, each effective to some degree in retarding the entry of 
microorganism: the outer, waxy shell membrane, the shell, and the inner 
shell membrane. Internally, lysozyme is present in egg white. This enzyme 
has shown to be quite effective against gram-positive bacteria. Egg white 
also contains avidin, which forms a complex with biotin, thereby making this 
vitamine unavailable to microorganism. In addition, egg white has a high pH 
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(about 9.6) and contains conalbumin, which forms a complex with iron, thus 
rendering it unavailable to microorganism. On the other hands, the nutrient 
content of the yolk material and its pH in fresh egg (about 6.8) make it an 
excellent source of growth  for most microorganism as shown in figure 2.7 
(18). 
 
Figure (2.7): The physical and antimicrobial defenses of a hen's egg (59). 
2.2.6 Organisms per egg at Lay 
The number of S. Enteritidis in contaminated eggs varies from egg to egg. 
Available evidence suggests that most contaminated eggs have very few S. 
Enteritidis bacteria within them at the time of lay. It is the initial contamination 
level in an egg that is influenced by subsequent distribution and storage 
practices. If the egg is handled under conditions that allow growth of the 
bacteria in the egg, then the initial concentration will increase. Nevertheless, 
some contaminated eggs will arrive at the kitchen with the same number of 
bacteria within them that they contained at the time of lay. 
In a study of contaminated eggs produced by naturally infected hens, 32 
positive eggs were detected . Enumeration of their contents found that 72% 
of these eggs contained less than 20 S. Enteritidis organisms. The calculated 
mean number of S. Enteritidis per contaminated egg was 7. However, there 
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were a few eggs that contained many thousands of S. Enteritidis bacteria 
following >21 days of storage at room temperature (7). 
In another study of experimentally infected hens, 31 S. Enteritidis positive 
eggs were detected . Enumeration of their contents found that the typical 
contaminated egg harboured about 220 S. Enteritidis organisms. Yet, there 
were marked differences in levels depending on storage time and 
temperature. Four of the contaminated eggs contained more than 400 S. 
Enteritidis organisms per egg (7). 
2.3 Detection techniques for Salmonella in eggs 
Conventional culture methods used for the isolation of Salmonella from eggs 
include, nonselective pre-enrichment followed by selective enrichment and 
plating on selective and differential agars. Suspect colonies are then 
confirmed biochemically and serologically. These methods are time-
consuming and take approximately 4-7 days (60-62 ).  Since Salmonella are 
closely related to both public and animal health, more rapid and sensitive 
methods for the identification of this bacterium are required. 
More recently, a number of alternative methods for the detection of 
Salmonella in foods have been developed including, immunoassays, nucleic 
acid hybridization and polymerase chain reaction (PCR) techniques (63).  
The PCR tests have been successfully applied to detect a number of food-
borne bacterial pathogens, including Salmonella, from a range of foodstuffs 
(64). The primary advantages of PCR tests are increased sensitivity and less 
time required to process samples in the laboratory when compared to 
standard culture methods (65).  
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2.4 Salmonella in egg production farms  
Salmonella is a leading cause of food-borne illness in many countries with 
eggs and poultry being important vehicles of transmission. During the past 
two decades S. Enteritidis has became a leading serotype causing human 
infections, with hen eggs being a principal source of the pathogen. The 
emergence of S. Enteritidis as the leading cause of human salmonellosis in 
many countries was attributed to this serotypes unusual ability to colonize the 
ovarian tissue of hens and be present within the contents of intact shell eggs 
(66). 
2.4.1 Salmonella in eggs, chicken excreta and cloacal swab 
In Great Britain a survey carried out in 1991 found 0.15% of eggs collected at 
retail outlets to be contaminated with Salmonella spp. and 0.12% were 
contaminated with S. Enteritidis (67).  
In United Kingdom, the Department of Health funded a retail survey of UK 
produced eggs, sampled in England was undertaken between May 1995 and 
April 1996. Salmonella spp. were detected in 0.99% of the 13,970 samples of 
6 eggs (an estimated contamination rate per individual egg of 1 in every 100 
boxes of 6 eggs). There was no significant change in Salmonella 
contamination of UK produced eggs since a previous survey in 1991 (68). 
In another study carried out by the UK Food Standards Agency of A-grade 
shell eggs on retail sale between March and July 2003, a total of 4,753 
samples (mostly boxes) of six eggs were purchased from a cross-section of 
retail outlets across the UK. The shell and contents were tested for 
Salmonella contamination. Overall 9 samples (0.34%) were Salmonella 
contaminated (seven from England, two from Wales, estimated 
contamination rate of approximately 1 in every 290 boxes of 6 eggs). All 
Salmonella positive samples were from egg shells (68). 
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In a study done in England and Wales by Public health investigation a total of 
12,615 eggs were collected from catering premises from September 2002 to 
November 2004.  Salmonella were detected in 88 (4.2%) of 2,102 pools of 
eggs. Salmonella were detected from 5.5% of eggs produced in Spain, 6.3% 
of eggs of unknown origin and 1.1% of eggs produced in the UK but not Lion 
Quality (0%). Salmonella were not detected from eggs produced in other 
countries (0%: France, Germany, Portugal and USA) as shown in tables 2.7 
and 2.8 (69, 70). 
Table (2.7): Details of public heath investigation of egg samples and 
Salmonella positive pools (69).  
Egg details No . (%) pools Salmonella 
positive (n = 88)  
Total No. (%) pools of eggs 
examined (n = 2,102)∗ 
Country of origin
0 2 (0.1) Germany
0  50 (2.4) Portugal
0  88 (4.2) UK Lion Quality•
5 (1.1) 440 (20.9) UK not Lion Quality
0  60 (2.9) USA
60 (5.5) 1,100 (52.3) Spain
23 (6.3)  362 (17.2) Not known &Not Lion Quality
∗ Each sample comprised six egg 
• Egg assurance scheme (and vaccinated against Salmonella). 
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Table (2.8): Prevalence of Salmonella spp. and S. Enteritidis in raw shell egg 
in studies carried out in the UK during  1995–2004 (69).   
No .(%) of samples containing 
S. Enteritidis  Salmonella spp. 
No. pooled 
samples of 
eggs. ∗  
Eggs Year  
119 (0.85) 138 (0.98)  13,970  UK  1995-1996 
18 (1.25) 29 (2.02) 1,433 NON UK ;EU 1996-1997 
6 (0.83) 7 (0.96) 726  
UK , France, 
country of origin 
not known ( 
unlabelled)  
2002  
15 (0.26) 17 (0.30) 5,686 UK and other EU 2003 
7 (0.14) 14 (0.30) 4,753 UK  2003  
82 (3.90)  86 (4.09) 2,101 
Germany , Spain 
, Portugal , UK , 
USA, Country of 
origin not Known 
(unlabelled) 
2002-2004  
∗ Each sample comprised six eggs.  
In another study done by Pan-London investigation from November to 
December 2002, 4,356 eggs (726 pooled samples of six eggs) from catering 
establishments and hospitals were examined within London. Salmonella 
were detected from seven (0.9%) of the 726 samples. Notably, no 
Salmonella  were isolated from 341 pooled Lion Quality UK produced egg 
samples, nor from 45 samples produced in France. Salmonella were 
detected from 4.3% (6 ⁄ 140) eggs of unknown origin and 0.5% (1 ⁄ 200) UK 
eggs but not Lion Quality  as shown in tables 2.8 and 2.9 (69, 70). 
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Table (2.9): Public health study in UK on the Salmonella prevalence in eggs, 
2002 (n= 726 pools of eggs) (70). 
Pan-London investigation Origin 
Number Positive Positive % 
Another member state 45 0 0 
UK(not Lion Quality  mark) 200 1 0.5 
UK(Lion Quality  mark) 341 0 0 
Country of unknown origin 140 6 4.28 
Total 726 7 0.96 
In a study done in United Kingdom eggs were collected monthly from a 12 
cage- layer flocks in four farms vaccinated with an S. Enteritidis bacterin, 
where possible, hens were also taken for culture at the end of the laying 
period, and fecal and environmental samples were taken from the laying 
houses before and after cleaning and disinfection. The total level of 
contamination by S. Enteritidis of both contents and shells found in 
vaccinated flocks was therefore 33 batches/13,682 eggs (0.24%) and the 
total of contamination for any Salmonella serotype was 92 batches/13,682 
eggs (0.68%) (71). These results contrast with the findings of testing of eggs 
from three unvaccinated flocks prior to this study where 21 batches of egg 
shells from a total of 2,101 eggs (1.0%) and six batches of contents from 
2,051 eggs (0.29% ) were contaminated with S. Enteritidis (71).  
S. Enteritidis was found in 67/699 (9.6%) of vaccinated spent hens and 
64/562 (11.4%) of bulked fresh fecal samples taken from laying houses. 
Failure to adequately clean and disinfect laying houses and to control mice 
appeared to be a common feature on the farms (71). 
In a survey of Salmonella contamination in eggs produced outside the UK 
and on retail sale in England which was carried out between March 2005 and 
July 2006. A total of 1,744 boxes of six eggs or more were sampled. 
Salmonella contamination on the egg shell was found in 157 box samples, 
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(one box of every 30 boxes of six eggs had Salmonella contamination of 
1,744 samples of six pooled eggs). Of these, 10 also contained Salmonella 
inside the egg. S. Enteritidis was the most common type of Salmonella found.  
The eggs collected came from eight different countries across Europe, with 
two-thirds of the eggs collected (66.3%) originating in Spain, France (20.0%) 
or the Netherlands (7.4%).  Salmonella spp. was detected from 13.3% and 
0.6% of eggs samples that were produced in Spain and France, respectively. 
Salmonella were not recovered from eggs produced in Belgium, Germany, 
Portugal, Republic of Ireland or The Netherlands as shown in table 2.10 (72). 
Table (2.10): Prevalence of Salmonella contamination in non-UK eggs 
(n=1,744 pools of eggs) (72). 
Country of origin 
Total No. pools of eggs 
examined (n=1,744)* (%) 
No. pools Salmonella 
positive (n=157) 
 
Belgium 13 (0.7) 0 
France 348 (20.0) 2 
Germany 45 (2.6) 0 
Poland 4 (0.2) 1 
Portugal 25 (1.4) 0 
Republic of Ireland 23 (1.3) 0 
Spain 1,157 (66.3) 154 
The Netherlands 129 (7.4) 0 
* Each sample comprised 6 eggs 
In 2000-2002 a study done on table eggs in  8 countries of European Union 
(Austria, Denmark, Germany, Greece, Ireland, Italy, Spain and Netherlands), 
Salmonella spp. was detected in 0 - 8.1% of eggs. All the sampling schemes 
are not described in detail, it is not clear whether the differences observed 
reflect differences in sampling and pooling of sample or true differences in 
the prevalence rate, with one exception in a study done in Denmark on a total   
of 10,300 shell eggs (Grade A), 6 (0.06%) were found infected on the shell 
and 2 (0.02%) were infected in the yolk / white.  
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For 2002, Salmonella prevalence above 1% in table eggs was reported in 
four (Austria 1.1%, Greece 3.8%, Italy 3.1%, Spain 8.1%) out of eight 
reporting countries. In 2002, S. Enteritidis was the dominating serotype in 
eggs as shown in table 2.11 (70).  
Table (2.11): Salmonella in eggs in European Union from 2000-2002 (70) 
(Invest.=Investigated, S.=Salmonella, SE=S. Enteritidis, (-) No information available) 
The shells and contents of 2,090 packs of six raw eggs from shops in 
Northern Ireland were examined for the presence of Salmonella between 
April 1996 and October 1997. Nine isolates of Salmonella were detected from 
separate packs of eggs (0.43 %) as shown in table 2.12. One of the isolates 
was from egg contents (0.05 %) and eight of the isolates were detected on 
the shell of eggs (59).   
In 2003 a study done in Ireland on a total of 1,169 egg samples (each sample 
comprised of 6 eggs) which produced under the Bord Bia Egg Quality 
Assurance Scheme (EQAS). Salmonella spp. was not detected in any 
sample contents as shown in table 2.12 (73). 
 
2002 2001 2000 
%SE %S. Invest. %SE %S. Invest. %SE %S. Invest. 
Countries 
1.1  1.1  184  0.5  1.4 223  0.19  0.19  1,077 Austria 
-  0.06  10,300  -  -  -  -  -  -  Denmark 
0.52  0.62  14,435  0.44  0.60  11,435  0.34  0.53  13,407  Germany 
3.2  3.8  314  -  1.5  68  -  3.5  86  Greece 
-  0  230  -  0  229  -  0  208  Ireland 
2.9  3.1  2,951  0.5  0.7  590  0.06  0.11  1,753  Italy 
-  8.1  804  1.6  4.9  305  0.48  3.85  208  Spain 
-  0.01  9,360  -  0  128  -  0.03  46,200  Netherlands 
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Table (2.12): Prevalence of Salmonella spp. in eggs as reported in various 
studies (73). 
No .(%) of samples containing 




16•(0.2) 17  (0.2) 7,730* UK 1992-1993 
7 9   (0.34) 4,753* UK 2003 
3 ▪ (0.14) 9   ( 0.43) 2,090* NI 1996-1997 
1   ( 0.5) 3   (1.4) 223 Austria 2001 
50  ( 0.44) 69   (0.6) 1,1435 Germany 2001 
3    (0.5) 4    (0.7) 590 Italy 2001 
5    (1.6) 15   (4.9) 305 Spain 2001 
6    (0.06) 
10   (0.7) 
6    (0.06) 




0    (0) 0    (0) 1,169* Ireland 2003 
* Each sample comprised of 6 eggs 
• 13 of the 16 isolates were S. Enteritidis (6 of these were isolated from the shell and 7 were 
isolated from the egg contents). 
▪. The 9 isolates were detected on the shell (n=8) and in the egg contents (n=1). 
◊ The 6 isolates were detected on the shell (n=4) and in the egg contents (n=2) 
♦ The 10 isolates were detected on the shell (n=7), in the contents (n=2) and both (n=1). 
In New Zealand a survey carried out by Environmental Science and 
Research Limited (ESR) in 1994 examined eggs sampled from Otago, 
Southland and Canterbury. No Salmonella were detected on the shells of 341 
samples of 6 eggs (2,046 eggs in total) or in the contents of 339 samples of 6 
eggs (2,037 eggs in total). The same survey noted that overall, 64 of 4,090 
(1.5%) eggs examined were contaminated with visible fecal material. Most of 
these (62%) were collected directly from the producer rather than retail 
sources. There was no distinction made in this survey between free ranges, 
barn produced and caged bird eggs (74). 
In a study done in Poland a total of 1,200 eggs were purchased in 40 local 
markets in Olsztyn, Poland were examined for the presence of Salmonella 
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between June 1997 and December 1998. Eggs were obtained from 12 
commercial laying flocks laid within 2 days. Salmonella were not found on the 
shell or inside the eggs. From this study it appears that the incidence of 
Salmonella on eggs from Olsztyn shops is very low (75). 
In Hawaii a study done on one hundred and six dozen eggs, representing 12 
brands were purchased from Oahu supermarkets and cultured for 
Salmonella. The sampling unit was defined as a carton of 12 large grade A 
eggs, the eggs from each dozen were separated into two flasks, one 
containing the shell and other containing the magma (white and yolks).  
Salmonella were detected in 10 cartons (9.4 percent) of the 106 dozen eggs 
sample; positive samples were from shells only (76). 
A study done in United States on 60 flocks for which at least 1 environmental 
sample (manure or egg-handling equipment) was positive for S. Enteritidis. 
Samples of manure, egg-handling equipment, and mice were submitted for 
bacterial culture of S. Enteritidis. When S. Enteritidis was isolated from 
environmental samples, 1,000 eggs were collected from the flock every 2 
weeks for 8 weeks and submitted for bacterial culture. In this study, 18 flocks 
were found to have produced contaminated eggs. Estimated overall 
prevalence of contaminated eggs was 2.64/10,000 eggs produced, but flock-
specific prevalence ranged from 0 to 62.5/10,000 eggs. Flocks with high 
levels of manure contamination were 10 times as likely to produce 
contaminated eggs as were flocks with low levels (77). 
In 2005 a study done in Mexico City, four hundred (400) eggs were collected 
from market, supermarket, and smaller grocery stores located in different 
zones within Mexico City. In all cases, eggs corresponding to 10 brands (40 
eggs per brand). One S. Enteritidis contamination egg yolk was obtained, 
representing 0.25% of total samples. Also, 11 additional bacterial genuses 
other than Salmonella spp. was found in (egg yolk, egg albumin and 
eggshell), including Acinetobacter spp., Alcaligenes spp., Bacillus spp., 
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Branhamella spp., Edwardsiella spp., Hafnia spp. Klebsiella spp., Serratia 
spp., Shigella spp., Staphylococcus spp., and Yersinia spp. (78). 
In a study done in Albania seventy-nine shell egg lots, representing a total of 
22,945,520 eggs imported into Albania from many countries during the 2-
years period 1996–1997 (69 lots during 1996 and 10 lots during 1997) were 
investigated for the presence of the Salmonella spp. Salmonella were 
detected in 1 out of 79 (1.26%) analyzed pooled samples, the lot consist of 
275,000 eggs, originating from Bulgaria. Salmonella were isolated only from 
the egg shell, but not from the liquid part and was belonging to Salmonella 
group c, but it was not further serotypes as shown in table 2.13 (79). 









Bulgaria 60 75.95% 17,326,520 
Italy 6 7.60% 1,984,000 
Greece 6 7.60% 1,936,000 
Turkey 2 2.53% 581,000 
Rumania 2 2.53% 534,000 
Macedonia 2 2.53% 306,000 
Hungary 1 1.26% 278,000 
Total 79 100% 22,945,520 
In Canada a study done on seven layer flocks with S. Enteritidis in their 
environment were investigated to determine the numbers of hens infected 
with S. Enteritidis.  Environmental samples from each flock were collected 
and consisted of 60 randomly collected fecal droppings and 12 dust/fluff 
samples from egg belts (where present) or from vents, fans and walls. 
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Salmonella spp. was isolated from all previous flocks and found that 
environmental isolates in each flock were recovered from fecal samples, 
while dust / fluff samples were culture-positive in only three flocks. 
Cultures of tissue of 580 hens from seven flocks detected 26 (4.5%)            
S. Enteritidis infected hens from two flocks. In one flock 2/150 hens were 
infected with S. Enteritidis and no Salmonella spp. were isolated from 2,520 
eggs (one day old).  In the second flock where 24/150 hens were infected 
with S. Enteritidis were isolate. S. Enteritidis were isolated from one sample 
of egg contents and from one sample of cracked shell from among 14,000 
eggs (one day lay). The overall prevalence of S. Enteritidis contamination of 
the eggs from the two flocks with infected hens was less than 0.06 % (80). 
In Brazil a study done on 614 boxes corresponding to 12 flocks (A-M) of 
white laying hens to investigate the   presence of Salmonella spp. in flocks of 
white laying hens. Fresh samples of cecal feces were collected from different 
farms were inspected at arrival (one day old) and eggs were collected and 
placed in sterile trays.  S. Enteritidis was detected in feces from four flocks 
which consisted of 129 boxes (33.3%) as shown in table 2.14. Salmonella 
were studied in 500 eggs at 52 weeks from each previous four positive flocks 
and one negative flock. S. Enteritidis was found in one egg from flock A (0.2 
%) and from 10 eggs from flock L (2.0 %) as shown in table 2.15 (81).  
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Table (2.14): Isolation of Salmonella spp. from transport boxes of one day 
old birds (81). 
SerotypeNumber of birdsFlock 
Enteritidis 4,800A* 








Negative 7,000 J 
Enteritidis 2,100L* 
Enteritidis 4,000M* 
* Positive flocks used to carry on the research. 
**Negative flock used to carry on the research. 
***R: rough strain. 
Table (2.15): Serotypes of Salmonella spp. isolated from eggs produced by 
52-week-old layers (81). 
Flocks No. of  analyzed eggs 
No. of positive 
eggs 
Positive 
eggs (%) Serotypes 
A 500 1 0.2 
Enteritidis and 
 * R strain 
B 500 0 - - 
L 500 10 2.0 R strain 
M 500 0 -  
I 500 0 - - 
(*R strain: rough strain). 
In United States in 1991, and again in 1995, microbiologic studies of S. 
Enteritidis infection in hens from egg-laying flocks were conducted by the 
USDA’s Food Safety and Inspection Service. A combined total of 711 flocks 
were surveyed in these 2 studies; for each flock, a cecum sample was 
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collected from each 300 “spent” hens (i.e., at the end of the hens’ egg 
production) at the time of slaughter. S. Enteritidis was identified in 35% of 
flocks tested, with the highest proportion (52%) of these S. Enteritidis positive 
flocks located in the Northern United States as shown in table 2.16 (82). 
Table (2.16): Combined 1991 and 1995 spent hen survey results by US 
regions and percent of US flock in each region (82). 
US Region Number of flocks sampled 
No. of flocks 
SE-positive (%) 
Percent of US 
flock located in 
region 
Northern 310 163 (52%) 27 
Southeastern 92 7 (8%) 33 
Central 232 59 (25%) 26 
Western 77 18 (23%) 14 
Total 711 247 (35%) 100 
(SE=S. Enteritidis) 
In another studies in Canada, Japan and  Denmark, it was found that the 
prevalence of S. Enteritidis positive flocks are 3%, 5% and 2% respectively 
as shown in tables 2.17 and 2.18 (7). 
Generally, estimates of flock-prevalence of S. Enteritidis vary considerably, 
depending mainly on geographic regions related to concentrations of egg 
layers. Most surveys have been undertaken on spent hens at processing, 
using culture of pooled caecae to detect infection. Estimates ranged from 
about 3% to 64% of flocks, depending on region and year in the USA, and    




Table (2.17): Summarized data or studies on flock prevalence in USA, 








prevalence Country  
247 711 300 35% USA.  
8 295 60 fecal, 12 egg belts 3% Canada.  
2 37 20 5% Japan.  
10 422 100 2% Denmark.  
Table (2.18): Prevalence of infected flocks (% of flocks infected) (83). 
Description Estimated Prevalence 
Large commercial egg-layer flocks distributed throughout 
the USA identified by trace-back from human case 1.12% (14/1,250) 
Pilot spent hen survey (pooled caecal samples) from “low 
prevalence” states in the USA 10.5% (10/95 ) 
Survey of spent hens from low and high prevalence US 
states, respectively(pooled caecal 
culture) 
3% (2/62)  & 45% (81/181) 
Spent hen sampling of flocks from nine southern USA 
states (pooled caecal culture) 3.7% (3/81) 
Spent hen flocks in the USA in 1991 by region (pooled 
caecal culture) 
3%, 17%, 24% & 45%, 27% 
overall 
Spent hen flocks in the USA in 1995 by region (pooled 
caecal culture) 
14%, 23%, 40% & 64%,  
45% overall 
Fecal and egg-belt testing in Canadian flocks 2.7% (8/295) 
Spent hen monitoring in Japan 
5.4% (2/37) flocks 
9% (2/22) farms 
Denmark 3% 




In another study in United States a microbiological assessment of S. 
Enteritidis environmental contamination of egg-producing farms was 
conducted by the USDA’s Animal and Plant Health Inspection Service in 
1999. Two hundred farms in 15 states were selected. Environmental culturing 
was offered to all farms. One house per farm was randomly selected for 
culturing. Samples were collected from surfaces throughout the house 
including manure (five samples per house), egg belts (five samples per 
house), elevators (five samples per house), and walkways (two samples per 
house). In total, 7% of farms tested yielded S. Enteritidis in at least 1 sample, 
with a range of prevalence by region from 0% to 17%.  Among farms with S. 
Enteritidis isolated from the environment, contamination was widespread: 
positive samples were obtained from egg belts (48%), elevators (45%), 
walkways (18%), and manure (17%) (84). 
A survey carried out in 1996, by Salmonella control programmes in Finland, 
Norway and Sweden have documented that the prevalence of Salmonella 
spp. in laying flocks is below 1%. In these countries, the stringent control 
programme including a stamping out policy ensures that the egg production 
is virtually free from Salmonella spp. In Denmark and Ireland, the control 
programmes document a decreasing prevalence of Salmonella positive 
flocks, mainly below 5% (70). 
In 2002 a study done in 5 countries of European Union (Denmark, Finland, 
Ireland, Sweden and Norway ), the prevalence of Salmonella spp. in laying 
hens producing table eggs was from 0 -25%  and S. Enteritidis from 0-1.9% 
as shown in table 2.19 (70). 
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Table (2.19): Salmonella in laying hens producing table egg in (Denmark,     
Finland, Ireland, Sweden and Norway) (70). 
% S. Enteritidis % Salmonella No. Salmonella  InvestigatedCountry 
1.9 2.6 25 949 Denmark 
0.0 0.0 0 2,164 Finland 
0.0  1.2 4 335 Ireland 
0.0  0.3 4 1,180 Sweden  
0.0  0.0 0  961 Norway  
In a study done in Austria, Germany, Spain, Greece, Italy, and the 
Netherlands, the prevalence of Salmonella positive layer flocks has varied 
between 1.5% and 37% during 2000-2002. In 2002, the reported flock 
prevalence's for S. Enteritidis in laying hens ranged from 0.8 % (Germany) to 
7.2 % (Spain), as shown in table 2.20 (70). 
Table (2.20): Salmonella in laying hens producing table eggs in European 
Union from 2000-2002 (70). 
(Invest.=Investigated, S.=Salmonella, SE=S. Enteritidis, (-) No information available) 
A recent European Food Safety Authority (EFSA) study conducted on 
commercial large-scale egg-laying hen holdings with at least 1,000 hens in 
the 25 EU countries and Norway revealed an average Salmonella spp. 
prevalence in holdings of 30.7%. The prevalence ranged from 0% in 
Luxembourg, Norway, and Sweden to 79.5% in Portugal.  The most 
2002 2001 2000 
%SE %S. Invest. %SE % S. Invest. %SE %S. Invest. 
Country 
0.8 1.5 3,659 0.9 2.3 3,061 0.5 1.5 3,281 Germany 
7.2 9.6 249 25.9 37.0 27 - - - Spain 
2.1 5.7 141 6.7 16.7 120 0 7.4 352 Greece 
1.9 5.2 210 0.9 10.1 217 1.6 9.1 243 Italy 
5 5.3 3,560 4.9 5.1 3,816 6.0 6.2 3,888 Netherlands 
6.0 13.4 134 - - - - - - Netherlands 
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commonly isolated serotype was S. Enteritidis (SE, 51%) followed by S. 
Infantis (8%) and S. Typhimurium (ST, 5%). A higher recovery rate of SE/ST 
was observed in dust samples (10.5%) when compared with feces (8.6%) 
(85). 
In "Israel" during 1993, Veterinary Services and Animal Health (VSAH) 
surveyed 88 broiler and layer breeding farms and found 18 (26.8%) of the 67 
surveyed broiler breeder farms and 6 (28.5%) of the 21 layer breeder farms 
infected by direct cultures. In another investigation, 35 flocks of laying hens 
were examined in slaughterhouses, of which 12 (30.8%) were infected with 
S. Enteritidis.. In addition, 39 hatcheries throughout the country were 
surveyed, of which 12 (30.8%) were infected with S. Enteritidis (86). 
In the years 1993-1998 the Veterinary Services in "Israel" conducted surveys 
searching for S. Enteritidis in laying hens for egg consumption at the end of 
their life. In 1993 S. Enteritidis was traced in 10 out of 35 flocks tested (29%) 
while in 1998  9 out of 12 tested (75%) were positive (87). 
In order to reduce the contamination rate in poultry in "Israel", one started in 
1994 to enforce the policy of periodical sampling of all breeding flocks and 
hatcheries in "Israel", destructing or treating those infected with S. Enteritidis 
or S. Typhimurium. As the result of those and other strict steps taken, the 
number of S. Enteritidis isolations decreased in chickens from the peak of 
954 in 1994 to only 15 in 2001 as shown in figure 2.8. In laying breeding hen 
farms (consumption eggs) no S. Enteritidis was detected in the last four 








































Figure (2.8): S. Enteritidis isolation in human and poultry in "Israel" from 1973 to 
2002 (87). 
2.4.2 Salmonella in feed samples 
In a study done in 11 European countries  (Austria, Belgium,  Finland , 
Germany, Greece , Ireland , Italy , Netherlands , Spain, Portugal and 
Norway),  the prevalence of Salmonella positive layer flocks feed  has varied 
between 0% and 4.8% during 2001-2002. In 2001, the reported flock 
prevalence's for Salmonella in feed ranged from 0.0 % (Belgium, Greece,  
Italy Norway) to 4.8 % (Austria)., in 2002 the reported flock prevalence's for 
Salmonella in feed ranged from 0.0 % (Greece,  Italy Norway) to 2.0 % 





Table (2.21): Salmonella in compound feeding stuff for layer poultry (final 
product) in European Union from 2000-2002 (70). 
2002  2001 
No. positive (%)  Investigated  No. positive (%) Investigated
Country  
4 (2.0) 200 5 (4.8) 104 Austria
- - 0 16 Belgium 
- -  - -  Finland 
- - - -  Germany 
0  6 0 10 Greece 
- - - -  Ireland 
0 17 0 77 Italy
12 (0.45) 2,649 26 (0.9) 2,876 Netherlands 
- - -  - Portugal 
- - 1  12  Spain
0 55 0 48 Norway
 
In a study done in Japan on a total of 4,418 of commercial layer feeds 
obtained in 1998 were investigated for the presence of Salmonella. A total of 
146 Salmonella isolates which consisted of 32 serotypes, including 20 of S. 
Enteritidis, were isolated from 143 feed samples (3.3%). This result 
conformed that the commercial layer feeds widely appearing on the market 
are contaminated with Salmonella and the layer feed is one of the important 
sources of chicken farm contamination with S. Enteritidis (88). 
2.4.3 Salmonella in water samples 
Majority of previous studies do not refer specifically to Salmonella as 
parameter to be monitored. The occurrence of Salmonella in potable water 
not considered likely. 
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The drinking water plays an important role in the transmission of many 
pathogenic agents among poultry. Diseases that can be transmitted to the 
bird flock   through the drinking water may originate from water contamination 
by feces and secretions of sick birds in the same flock or from the utilization 
of water already contaminated by pathogenic organisms originating from 
other animal species and the man. There have been many reports about 
water contamination with the main poultry pathogens such as Salmonella 
spp.,  Campylobacter spp. and Escherichia coli (89). 
In Iran a study done on water sample from 40 broiler farms in the rural area 
of Ahvaz (a city in Iran) were investigate for Salmonella and coliforms 
contamination. In each farm, the samples were collected from drinking water 
(sources water, pipe water, drinking water). The water sources included 
superficial canals, streams and wells. Fecal coliforms were detected in the 
water of all farms. From the drinking water of 5 farms, 5 Salmonella 
serotypes were isolated. Fecal coliforms were detected in all samples from 
water sources indicating the occurrence of fecal pollution that could be due to 
free access of wild and domestic animals to the superficial water sources, 
disposal of animal excreta and dead carcasses, and even the drainage of 
human sewage from the rural village. The isolation of Salmonella from 
drinking water is due to chicken's feces contamination and due to the 
presence of Salmonella in the litter of farms (89). 
In Canada, a study done to investigate the prevalence of Salmonella spp. 
among 249 broiler chicken flocks (Samples consisted of 11 litter from the 
selected flock; each sample consisted of a pool of five separate 2-4 g of 
litter). These samples were collected from the area close to 12 different 
drinking sites where birds were known to congregate within the barns. Three 
water samples, each measuring about 12 mL, were collected from three 
different drinkers using sterile syringes. 226 of 294 (76.9 %) of the flocks 
were Salmonella positive. The status of floor litter and drinking water; 223 of 
226 (98.8 %) were culture positive in the litter and 63 of 226 (27.9 %) were 
positive in water (90). 
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In study done in United States water from troughs used by weaned dairy 
calves was sampled on California, USA dairies to determine the extent of 
Salmonella contamination. The same dairies were visited in the fall 1998 
(n=48) and summer 1999 (n=37) for collection of water samples and survey 
information. Salmonella were isolated from the water troughs on 4 of 48 (9%) 
dairies and from 4 of 82 (5%) of the water samples during the fall 1998 and 
on 8 of 37 (22%) dairies and from 8 of 83 (10%) of the water samples during 
the summer1999 sampling period. The serotypes isolated from the water 
were S. Meleagridis and S.Typhimurium (91). 
In a study done in Australia on delivery water stored without further 
chlorination in six new 5,000-litre tanks located at three points around the 
construction site. Two of the six tanks (1 and 2) were interconnected and 
supplemented with rainwater collected from a workshop roof. One of these 
tanks had an uncovered inlet; found that the contamination of a tank water 
supply system led to an outbreak of S. Saintpaul with 28 cases of 
gastroenteritis amongst over 200 workers at a large construction site. The 
source of infection, contaminated drinking water, was identified through 
environmental sampling and confirmed by epidemiological investigations. 
Frogs and/or mice may have been the original source of the contamination 
(92). 
2.5 Egg contamination frequency and egg safety 
2.5.1 Egg contamination frequency 
Ideally, egg-culture data would be available from flocks known to be infected. 
However, results from sampling eggs from infected flocks will show variability 
across time in the same flock, and between flocks. Variability is expected in 
any biological system. Seasonal variability in egg culturing results may also 
be observed, but previous analysis has not detected a consistent pattern. 
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Three quantitative exposure assessments models which include Whiting and 
Buchanan (1997), USDA-FSIS (1998) and Health Canada (2000) are used to 
estimate egg contamination frequency, the pathways modeled in these 
exposure assessments are also compared as shown in tables 2.22 and 2.23 
For the USDA-FSIS S. Enteritidis Risk Assessment (US SE RA) and Health 
Canada exposure assessments, two forms of data from the same field 
project are used. The Health Canada exposure assessment data are from a 
study of 43 positive flocks; the number of samples analyzed was limited to 
the first 4000 eggs collected from these flocks .The flocks were stratified into 
high and low prevalence in the US SE RA analysis as shown in table 2.22. 
The combined results from the US SE RA study suggest an overall egg 
contamination frequency of 0.03%; the same as the average based on the 
Health Canada exposure assessment data (7). 
In the Whiting and Buchanan (1997) model, the egg contamination 
frequencies implied by 27 published studies were summarized in table 2.23 
and found that the median frequency from this series of studies is between 









Table (2.22): Summary of evidence used in two exposure assessments to 
model egg contamination frequency (7). 






Total 155 214,340 
22 381,000 Low 
prevalence 2 10,140 
USDA-FSIS,  
1998 




Health Canada  
(2000) 
Total 36 116,560 
(s=Number positive eggs, n=Total number of eggs sampled) 
Table (2.23): Summary of evidence used to model egg contamination freque-
ncy in the Whiting and Buchanan (1997) exposure assessment model (7). 





















2.5.2 Egg safety 
The U.S. is the second largest producer of shell eggs worldwide with a yearly 
production of approximately 64 billion eggs and product consumption per 
capita of approximately 254 eggs per year (93).  
Although it is estimated that only 1 in 20,000 raw eggs contain S. Enteritidis 
in the U.S., egg-transmitted salmonellosis is a prevalent public health 
problem (82). In 1999, the President’s Council on Food Safety developed the 
egg safety action plan to control S. Enteritidis on eggs. The objectives of the 
plan were to reduce egg-transmitted human salmonellosis in the U.S. by 50% 
in the year 2005, and to eradicate this disease by the year 2010. The Food 
and Drug Administration (FDA) published in 2000 a final rule called “Food 
Labeling, Safe Handling Statements, Labeling of Shell Eggs; Refrigeration of 
Shell Eggs Held for Retail Distribution” that requires egg producers to use a 
safe handling statement on the label of shell eggs not processed for the 











CHAPTER III  
MATREIALS AND METHODS 
3.1. Materials 
3.1.1 Culture media  
Different bacterial culture media were used during this study. These media 
are presented in table 3.1. 
Table (3.1): Bacterial culture media employed in this study. 
Culture media Manufacturer 
Buffered peptone water                       Himedia(India) 
Salmonella Shigella agar                     Himedia (India) 
Xylose lysine deoxycolate agar           Himedia (India) 
Hektoen enteric agar                           Himedia (India) 
Muller Hinton agar                               Himedia (India) 
Selenite cysteine broth                       Himedia (India) 
Selenite F-broth                                   Himedia (India) 
Rappaport-Vassiliadis medium            Difco (U.S.A) 
Triple sugar iron agar                          Difco (U.S.A) 
Lysine iron agar Difco (U.S.A) 
Urea agar                                            Oxoid (U.K) 
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3.1.2 Reagents and Stain  
Reagents are presented in table 3.2. 
Table (3. 2): Reagents and materials employed in the study 
Reagents and Stain  Manufacturer/source 
Gram stain (Industrias Aulabor S.A. Spain) 
Oxidase test (Hy.laboratories Ltd, "Israel") 
Absolute Ethanol (Sigma, USA) 
The API-20E test kit   (bioMerieux, Inc., France) 
Anti Salmonella agglutination sera (BIORAD, France)     
Bacterial positive control  Public Health Lab.  
Sodium thiosulphate   Public Health Lab 
 
 
3.1.3 Apparatus and Equipments 
(Cannon, Japan) Digital Camera 
(Sanyo, Japan)Refrigerator 
(Memmert, Germany)Incubator 
(Fried Electric, Israel) Water Bath 
(Sartourus, Germany)Balance 
(KSG, Germany)Autoclave 
(Inolab, Germany)pH meter 
(AES, laboratoire, France)Stomacher 
(Anderman, U.K)Quebec colony counter, with magnifying lens 
(Gelman laboratory, U.K)Filtration apparatus as shown in figure 3.1. 
( Hotte de bacteriologe, France)Microbiological  Hood 
(Olympus,USA)Microscope 
 Automatic pipettes 
  Vortex Mixer 
  Computer 
  Petri dishes 
  Glassware 
  Stainless steel knives 
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  Sterile plastic polyethylene bags (20-40 cm) 
  Sterile plastic polypropylene syringe (1ml and 10ml) 
  Plastic ice box 
  Sterile sample bottles of appropriate volume 
  Stainless steel flat tipped forceps 
Membranes, sterile, (cellulose ester 47 mm diameter 0.45 µm pore   size). 













Figure (3.1): Filtration apparatus 
3.2 Methods 
3.2.1 Sample collection 
Sampling from certain local farms in Gaza strip was undertaken by the 
researcher. Sampling program predominantly was between January 2007 
and December 2007. A questionnaire was used to evaluate the level of 
cleaning procedures in egg-production farms which included a number of 
questions that were answered by farms owners as shown in annex 1. 
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3.2.1.1 Egg collection 
Batch samples (6 eggs per batch) were obtained from all farms. For transport 
to the laboratory, the loose eggs were packaged in a carton as the customer 
normally receives them. 
3.2.1.2 Chicken excreta collection 
Fresh chicken feces were collected randomly from egg-laying chicken and 
from hens feeding facilities. Samples were placed into a sterile plastic 
container.  
3.2.1.3 Chicken feed collection 
Animal feed samples were collected randomly from egg-laying chicken and 
from hens feeding facilities. Samples were placed into a sterile plastic 
container.  
3.2.1.4 Water samples collection 
Samples volumes of at least 1,000 ml of water were collected in sterile 
bottles fitted with screw caps and contained sodium thiosulphte (0.5- 1.0 ml 
sodium thiosulphte 30 g/l, 3 % w/v) was added to each bottle of 200 ml 
capacity before it was sterilized to neutralize the effect of chlorine. 
3.2.2 Sample transport 
Sample of eggs, excreta, feed, water from poultry farms were placed into a 
sterile plastic container in an ice box and transported to the analyzing 
laboratory within 2 hours of collection.  
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3.2.3 Sample processing 
3.2.3.1 Egg processing 
Egg shells were washed with stiff brush and drained. Eggs were soaked in 
200 ppm chlorine solution containing 0.1 % sodium dodecyl sulfate (SDS) for 
30 min or by immersion in 70% alcohol for 2 minutes. This disinfectant was 
prepared immediately before analysis. Eggs were aseptically cracked and 
using sterile egg separator, whites were discarded.  Aseptically, 25 g of egg 
yolk was added into sterile 500 ml Erlenmeyer flask. 225 ml trypticase 
(tryptic) soy broth (TSB) supplemented with ferrous sulfate (35 mg ferrous 
sulfate added to 1,000 ml TSB) was  added and mixed well by swirling. The 
sample and the enrichment media were allowed to stand for 60 ± 5 min at 
room temperature. Then it was incubated for 24 ± 2 h at 37°C (60). 
3.2.3.2 Chicken excreta processing 
Ten grams of chicken excreta were added to 90 ml of pre-enrichment 
medium (buffered peptone water), and was incubated for 24 h at 37 oC.  
3.2.3.3 Chicken feed processing 
Twenty five grams of feed sample were homogenized with 225 ml of pre-
enrichment medium (buffered peptone water), incubated for 24 h at 37 oC. 
3.2.3.4 Water sample processing 
Five hundred ml of water samples were filtered through membrane filter; the 
membrane filters were transferred to a container containing, typically, 90 ml 
of buffered peptone water and were incubated for 24 h at 37 oC.  
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3.2.4 Isolation of Salmonella  
3.2.4.1 Isolation of Salmonella from eggs 
The following procedures for Salmonella isolation were followed:  
 One tenth ml from the above mixture specified in 3.2.3.1 was transferred 
to 10 ml Rappaport-Vassiliadis (RV) medium and another 1 ml to 10 ml 
Selenite cysteine broth (SC).  
 The selective enrichment media  were incubated as follows:  
 RV medium was incubated for 24h at 42 oC. 
 SC broth was incubated for 24h at 37 oC.  
 Three loopful (about 10 µl) from incubated SC and RV broth were 
streaked on Xylose lysine desoxycholate (XLD) agar, Salmonella Shigella 
(SS) agar and Hektoen enteric (HE) agar.  And plates were incubated for 
24h at 37°C.  
 Plates were examined for the presence of colonies that may resemble 
Salmonella (60).  
3.2.4.2 Isolation of Salmonella from chicken excreta and feed  
The following procedures for Salmonella isolation were followed: 
 One tenth ml and 1ml from chicken excreta and feed mixture specified in 
3.2.3.2 and 3.2.3.3 were transferred to 10 ml RV medium and 10 ml 
Selenite F-broth and were incubated for 24h at 42°C and 37°C. 
respectively. 
 Three loopful (10 µl) from incubated RV medium and Selenite F- broth 
were streaked on SS agar, XLD agar and HE agar. And plates were 
incubated for 24 h at 37°C.  
 Plates were examined for the presence of colonies that may resemble 
Salmonella (61).  
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3.2.4.3 Isolation of Salmonella from water 
The following procedures for Salmonella isolation were followed 
 One tenth ml and 1ml from  buffered peptone water specified in 3.2.3.4 
were  transferred to 10 ml RV medium and  10 ml SC and were incubated 
for 24h at 42°C and 37°C. respectively. 
 Three loopful (10 µl) from incubated RV medium and SC were streaked 
on SS agar, XLD agar and HE agar. And plates were incubated for 24 h at 
37°C.  
 Plates were examined for the presence of colonies that may resemble 
Salmonella (96).   
3.2.5 Identification of Salmonella 
3.2.5.1 Colony morphology  
Colony morphology of Salmonella is presented in table 3.3  and in figure 3.2 
Table (3.3): Morphology of Salmonella on different media. 
Medium Colony appearance 
Salmonella Shigella agar 
Colorless colonies with or without black 
centers owing to H2S production 
Hektoen enteric agar 
Colonies are blue-green, typically with black 
centers due to H2S production 
Xylose lysine desoxycholate agar
Transparent red colonies with black centers 
owing to H2S production, 
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Figure (3.2): Colony morphology of Salmonella (A: Salmonella on XLD, B: 
Salmonella on SS agar) 
3.2.5.2 Biochemical confirmation 
Suspected Salmonella isolates were identified biochemically: 
a. TSI agar  
 TSI agar slant surface was streaked and the butt was stabbed, and was 
incubated for 24 h at 37 oC. 
 The changes in the medium are presented in table 3.4  and figure 3.3. 
b. Urea agar 
 Urea agar was stabbed by sterile loop and was incubated for 24 h at 37 
oC. 
 The changes in the medium are presented in table 3.4 and figure 3.3. 
c.  Lysine decarboxylase 
 Lysine iron agar (LIA) surface was streaked and the butt was stabbed and 
was incubated for 24 h at 37 oC. 
 The changes in the medium are  presented in  table 3.4 and figure 3.3 
B  A 
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Table (3.4): Biochemical reactions of Salmonella on (TSI, LIA and Urea). 
Result Test or substrate 
+ Glucose (TSI) 
+ Lysine decarboxylase (LIA) 
+ H2S (TSI and LIA) 
 Urease ــ











Figure (3.3): Biochemical reaction of Salmonella on different media 
(A = Urea, B = TSI, C = LIA) 
d. The API-20E test kit 
The API-20E test kit used for the identification of enteric bacteria 
(bioMerieux, Inc., France) provides an easy way to inoculate and read tests 
relevant to members of the Family Enterobacteriaceae and associated 
organisms. A plastic strip holding twenty mini-test tubes (figure 3.4) is 
inoculated with a saline suspension of a pure culture (as per manufacturer's 
directions). This process also rehydrates the desiccated medium in each 
tube. Few tubes are completely filled (CIT, VP and GEL as seen in the 
C B A
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photos below), and some tubes are overlaid with mineral oil so that anaerobic 
reactions can be carried out (ADH, LDC, ODC, H2S, URE). 
After incubation in a humid chamber for 18-24 hours at 37 oC, the color 
reactions are read (some with the aid of added reagents), and the reactions 
(plus the oxidase reaction done separately) are converted to a seven-digit 
code. The code is fed into the manufacturer's database gives back the 
identification, usually as genus and species. 
 
Figure (3.4): The API-20E test kit (Above photo represents negative reaction while 
the strip below represents positive reactions).  
3.2.5.3 Serological confirmation  
Salmonella spp. are serotyped according to their O (somatic) antigens, Vi 
(capsular) antigen and H (flagellar) antigens. The antigenic formula of 
Salmonella serotypes are listed in the Kauffman-White scheme and are 
expressed as follows: O antigens; Vi when present; H antigens phase 1; H 
antigens phase 2 (when present). 
In the present study we identified Salmonella according to their O and H 
antigens. The used polyvalent sera contain: 
1) Polyvalent O Antisera  
2) Polyvalent H Antisera  
On a clean glass slide a drop of antiserum was deposited. Using a platinum 
loop a small amount of bacteria, from an 18 hours old culture on nutrient 
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agar, was gradually mixed with the drop to form a light uniform suspension. 
Agglutination is observed in the corresponding antiserum after a maximum of 
one minute. 
3.2.6 Detection Limit of Salmonella isolation procedures 
The following procedures were performed to evaluate the sensitivity of the 
method specified 3.2.3.1 and 3.2.4.1 in this research in detection of 
Salmonella spp. in eggs sample. 
The following procedures were followed: 
Step 1: One colony from known Salmonella spp. which was confirmed 
biochemically and serologically in the Public Health Laboratory was added to 
one ml of sterile distilled water and was mixed well. 
Step 2: Serial dilution was done from 10-1 up 10-11 from the mixture specified 
in step 1 
Step 3: 0.1 ml of each of the above dilutions specified in step 2 was 
inoculated on Xylose lysine desoxycholate (XLD) agar, Salmonella Shigella 
(SS) agar, and plates were incubated for 24 h at 37°C.  
Step 4: Another 0.1 ml of the above dilutions specified in step 2 was added 
to 25 gram of egg pools. 
Step 5: The total Salmonella count was calculated from step 3 and 
Salmonella detection was accomplished   from step 4.  
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CHAPTER IV  
RESULTS  
4.1 Description of the study sample 
4.1.1 Distribution of poultry farms according to governorates in Gaza 
strip.   
Five hundred ninety six samples (egg pools, feed, chicken excreta pools, 
cloacal swabs and water samples) were collected from twenty poultry farms 
in Gaza strip and were distributed geographically according to governorates 
as shown in table 4.1 below. 
Table (4.1): Geographical distribution of poultry farms by governorates. 
% Number of farms Governorates 
35 7 North Gaza 
35 7 Gaza 
15 3 Mid- zone 
15 3 Khan-Younis & Rafah 
100 20 Total 
 
4.1.2 Description of sample types 
Samples  collected form twenty poultry farms were divided into three groups 
(A, B, C) according to period of collection (Group A, from  January to 
March,Group B, from June to September and Group C from October to 
December). 
 61
4.1.2.1 Group A 
Samples were collected in group A consist of twelve poultry farms from 
different  governorates and from each poultry farms (2 egg pools,5 chicken 
excreta pools, 2 feed and 2 water samples) were collected as shown in table 
4.2. 
Table (4.2): Different sample types from twelve poultry farms in group A 





excreta Water Total 
North Gaza 6 6 15 6 33 
Gaza 6 6 15 6 33 
Mid- zone 6 6 15 6 33 
Khan-Younis & Rafah 6 6 15 6 33 
Total 24 24 60 24 132 
 
4.1.2.2 Group B 
Samples were collected in group B consist of twenty poultry farms from 
different  governorates and from each poultry farms (2 egg pools,10 chicken 
excreta pools, 2 feed and 2 water samples) were collected as shown in table 
4.3. 
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Table (4.3): Different sample types from twenty poultry farms in group B 





excreta Water Total 
North Gaza 14 14 70 14 112 
Gaza 14 14 70 14 112 
Mid- zone 6 6 30 6 48 
Khan-Younis & Rafah 6 6 30 6 48 
Total 40 40 200 40 320 
4.1.2.3 Group C 
Samples were collected in group C consist of twelve poultry farms from 
different  governorates and from each poultry farms (3 egg pools,5 chicken 
excreta pools , 2 feed and 2 water samples) were collected as shown in table 
4.4. 
Table (4.4): Different sample types from twelve poultry farms in group C 
Types of samples 
Group C 
Egg pools Feed Chicken excreta Water Total 
North Gaza 9 6 15 6 33 
Gaza 9 6 15 6 33 
Mid- zone 9 6 15 6 33 
Khan-Younis&Rafah 9 6 15 6 33 
Total 36 24 60 24 144 
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4.1.2.4 Sample types in group A, B, C  
Five hundred ninety six samples in three groups and consisted of (100 eggs 
pools, 88 feed samples, 320 chicken excreta and cloacal swabs and 88 water 
samples). The percentages of sample types in group A, B, C are presented in 
table 4.5. 
Table (4.5): Sample types percentages in group A, B, C 
Types of samples 
Group  
Egg pools Feed Chicken excreta Water % 
Group A 24 24 60 24 132 (22.1) 
Group B 40 40 200 40 320 (53.7) 
Group C 36 24 60 24 144 (24.2) 
Grand total 100 88 320 88 596 
 
4.2 Questionnaire results 
The result of the questionnaire which was answered by farms owners during 
this study is presented in annex 3. All samples were collected from Hyline 
chicken, the egg-laying chicken numbers ranged between 3,000-10,000 and 
egg production numbers ranged between 1,520-7,500, all poultry farms were 
of the open system type and manually feed. 
Eggs were collected manually and cracked eggs were separated from the 
intact eggs. According to farms owners, cracked eggs do not go to factories. 
The water sources which supply the farms are private wells in some farms 
and municipal in others. Some farms add drugs to water while others did not.  
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All farm owners claimed that all egg-laying chickens receive update of 
vaccinations. The dead chickens were disposed through burial.  
4.3 Detection Limit of Salmonella isolation procedures 
The result of procedures which were specified in 3.2.6 is presented in figures 
4.1 and 4.2. 
Testing the sensitivity of the procedures employed for Salmonella isolation 
from eggs was conducted using a diluted colony of a control Salmonella 
strain. The isolation procedures was followed exactly as for testing eggs 
except that a 0.1 ml of each Salmonella dilution was added to a pool of six 
eggs and processed. Salmonella was isolated from dilutions of 10-1 to 10-7 
and showed negative results for all subsequent dilutions. 
The total number of Salmonella in the original mix was 1.7 X 108 cfu/ml as 
calculated by viable cell count method, therefore a 0.1 of dilution 10-7 









Figure (4.1): A photograph showing 10-5 (A) and 10-7 (B) dilution of one colony of 
















Figure (4.2): A photograph showing recovery  of Salmonella control from 10-7  (A) 
and 10-9  (B) dilution on XLD agar. 
 
4.4 Salmonella isolation and identification 
4.4.1 Egg pools 
One hundred egg pools (600 eggs) samples were negative for Salmonella 
spp. 
4.4.2 Feed samples 
Eighty eight feed samples were negative for Salmonella spp.  
4.4.3 Chicken excreta pools 
Out of three hundred twenty Chicken excreta pools and cloacal swabs, only 
one strain of Salmonella was isolated from Khan-Younis poultry farm. 
4.4.3.1 Colony morphology  
Salmonella spp. colonies appeared transparent red colonies with black 
centers owing to H2S production on XLD and are blue-green, with black 









Figure (4.3):  A photograph of colony morphology of Salmonella   
A: Salmonella on XLD, B: Salmonella on HE agar, C: Salmonella on  XLD    
4.4.3.2 Biochemical confirmation. 
Salmonella spp. isolates were identified biochemical by Triple sugar iron 
agar, Lysine decarboxylase, urea and by API-20E test kit as shown in tables 
4.6 and 4.7 and figures 4.4  and 4.5. 
Table (4.6): Biochemical reactions of Salmonella on (TSI, LIA and Urea). 
Result Test or substrate 
+ Glucose (TSI) 
+ Lysine decarboxylase (LIA) 
+ H2S (TSI and LIA) 
- Urease 





 A  B C
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Table (4.7): Biochemical reactions of Salmonella on API-20E test kit  
ResultTest
- Ortho-nitro-phenyl-galactoside 
+ Arginine Dihydrolase 
+  Lysine Decarboxylase 
+  Ornithine Decarboxylase 
+  Citrate  utilization 
+  H2S production 
-  Urease  
-  Tryptophan Deaminase 
-  Indole production 
-  Voges-Proskauer 
-  Gelatinase 
+  Glucose 
+  Mannitol 
-  Inositol 
+  Sorbitol 
+  Rhamnose 
-  Sucrose 
-  Melibiose 
-  Amygdalin 










Figure (4.4): A photograph of biochemical reaction of Salmonella on different media 







Figure (4.5): A Photograph showing reaction of Salmonella spp. on The API-20E 
test kit. 
4.4.3.3 Serological confirmation  
Salmonella spp. isolates were identified serologically by Anti Salmonella 
agglutination sera (Polyvalent O Antisera and Polyvalent H Antisera) as 
shown in table 4.8. 
Table (4.8 ): Serological reaction of Salmonella spp. 
Test Result 
Polyvalent O Antisera Agglutination (+) 
Polyvalent H Antisera Agglutination (+) 
4.4.4 Water samples 




CHAPTER V  
DISCUSSION 
Eggs and egg products are nutritious foods and they form an important part 
of the human diet. However, they are perishable just like raw meat, poultry, 
and fish. Consuming eggs, however, has been associated with negative 
health impacts. Eggs and egg products that are improperly handled can be a 
source of food-borne diseases, such as salmonellosis. 
Salmonellosis is a leading food-borne disease world-wide. A wide range of 
foods has been implicated in such disease. However, foods of animal origin, 
especially poultry and poultry products, including eggs, have been 
consistently implicated in sporadic cases and outbreaks of human 
salmonellosis. 
The aim of this study was to determine the occurrence of Salmonella spp. in 
eggs and environment in selected local egg production farms in Gaza strip, 
Palestine.  To the best of our knowledge, this is the first study in Gaza strip to 
tackle this issue.  
According to our study plan which was approved by the Biological 
Sciences Department at the Islamic University-Gaza was scheduled 
(field work and Lab analysis which included samples collection from 
different farms from Gaza strip) to be done within four months, and 
because all samples (egg pools, chicken excreta, cloacal swab and feed) 
were negative, the period was extended to one year in order to examine 
the possibility of seasonal variation.  
The results obtained after the bacteriological investigation of the 100 egg 
pools, 88 feed samples and 88 water samples were negative for Salmonella 
spp., whereas  the results obtained from 320 Chicken excreta pools and 
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cloacal swabs   showed only one Salmonella spp., despite increasing the 
number of samples and the period from four month to one year. 
5.1 Salmonella and eggs 
There are a large number of publications referring to studies of Salmonella 
contamination of eggs. In these studies eggs have usually been batched and 
shell and contents contamination not differentiated.  The findings of the 
present work are to some degree consistent with the results obtained by 
others. It is assumed that in the USA one in 10,000 eggs is infected with 
Salmonella spp., in Great Britain one in 15,000 eggs and (75). 
The simple analysis which conducted soon after the identification of the S. 
Enteritidis epidemic in the United States of America found that the 
prevalence of contaminated eggs (i.e. 1 in 14,000) and the frequency of 
consuming raw eggs (0.9%) equated to a risk of one in 1.6 million eggs 
consumed. If an individual consumed 250 eggs per year and lived to 80 
years old, the risk was reportedly one in 80 lifetimes (7). Whereas the 
production module of the FSIS risk assessment estimated one egg per 
20,000 eggs contained S. Enteritidis (97). 
In the United States of America,  studies undertaken on eggs from flocks with 
a high prevalence of infection (Heavily infected flocks) indicate that between 
1 egg in 10,000 eggs to 17 in 10,000 eggs is contaminated and on average 1 
egg in 1,383 eggs is contaminated with S. Enteritidis (0.07%). Rates of 
contamination in an individual egg have been estimated at 10-100 cfu /egg or 
0.2-2 organisms/gram egg, whereas overall S. Enteritidis contamination of 
retail eggs in Britain has been found to be about 0.9% (95). 
In England, a study done on 35 hens from known infected flock were kept in 
separate cages for 4 months. In 11 out of 1,119 eggs Salmonella spp. was 
found inside. It turned out that during that period nine hens laid one egg and 
one hen had two eggs contaminated with Salmonella spp. whereas on other 
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days the hens laid eggs which were not contaminated with Salmonella  spp. 
This shows that eggs are contaminated with Salmonella spp. only 
periodically, which also might be an explanation of the fact that routine 
examinations once rarely give a positive result (75). 
The prevalence of Salmonella spp. recorded by this study is similar to that 
reported by other investigators in many countries but the differences were in 
the numbers of  egg pools as shown in the following studies: 
In a survey done in New Zealand by Environmental Science and Research 
Limited (ESR) in 1994 found that no Salmonella were detected on the shells 
of 341 samples of 6 eggs (2,046 eggs in total) or in the contents of 339 
samples of 6 eggs (2,037 eggs in total) (74). In a study done in Poland 
between June 1997 and December 1998 Salmonella was not found on the 
shell or inside of a total of 1,200 eggs (75). In a study done in Ireland from 
2000-2002 on table eggs which consist of 208, 229 and 230 eggs   
respectively, no Salmonella spp. was detected from these eggs (70).  In 
another study done in  Ireland  in  2003 on eggs produced under the Bord Bia 
Egg Quality Assurance Scheme (EQAS), Salmonella spp. was not detected 
in any samples  of a total of 1,169  egg samples (each sample comprised of 
6 eggs)  ( 73). 
In this study negative results obtained after the bacteriological investigation 
of the 100 egg pools for the presence of Salmonella were in general in 
agreement with the literature but there was a high difference in the numbers 
of egg pools as shown in the following studies. 
In Great Britain a survey carried out in 1991 found 0.15% of eggs collected at 
retail outlets to be contaminated with Salmonella spp. and 0.12% were 
contaminated with S. Enteritidis (67). The survey was repeated in 1995/1996 
with no significant change in Salmonella contamination of UK produced eggs 
were found (0.99% Salmonella spp.) (68). In 2003 the FSA’s survey of 
Salmonella contamination of UK-produced shell eggs on retail sale was 
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carried out over a period of 5 months, between March and July 2003, found 
that (0.34%) were Salmonella contaminated, which has been a 3-fold 
reduction in the level of Salmonella contamination since 1995/96 survey and 
this is likely to reflect the measures introduced by the UK egg industry to 
control Salmonella (68). 
In another study done in England and Wales by public health investigation a 
total of 12,615 eggs (2,102 pools of eggs) were collected from catering 
premises from September 2002 to November 2004. Salmonella were 
detected from 5.5% of eggs produced in Spain, 6.3% of eggs of unknown 
origin and 1.1% of eggs produced in the UK but not Lion Quality (0%). 
Salmonella were not detected from eggs produced in other countries (0%: 
France, Germany, Portugal, USA).  (69, 70). Whereas in another study done 
by Pan-London investigation from November to December 2002, 4,356 eggs 
(726 pooled samples of six eggs) from catering establishments and hospitals 
were examined within London. Salmonella were not isolated from 341 pooled 
Lion Quality UK produced egg samples, nor from 45 samples produced in 
France. Salmonella were detected from 4.3% (6 ⁄ 140) eggs of unknown 
origin and 0.5% (1 ⁄ 200) UK eggs but not Lion Quality (69, 70). 
In a study done  in 8 countries of European Union  from 2000 -2002 found 
that  majority of studies or investigation was less than 1% in table eggs, in 
2000 the prevalence of Salmonella spp. in table eggs was in Australia 0.19, 
Germany 0.53%, Ireland 0%, Italy 0.11% and in Netherlands 0.03 %  . In 
2001 the prevalence of Salmonella spp. in table eggs was in Germany, 0.60 
%, Ireland 0%, Italy 0.7% and in Netherlands 0%. In 2002 the prevalence of 
Salmonella spp. in table eggs was in Denmark 0.06%  , Germany 0.62 , 
Ireland  0% and  in Netherlands  0.01 %., whereas the prevalence of 
Salmonella spp. was above 1% in table eggs was reported in four (Austria 
1.1%, Greece 3.8%, Italy 3.1%, Spain 8.1%) out of eight reporting countries. 
In 2002, S. Enteritidis was the dominating serotype in eggs (70). 
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A survey in Northern Ireland found an overall contamination rate of 0.43% of 
the shells and contents of 2,090 of six raw eggs batches of six eggs (59).  In 
a study done in Hawaii on one hundred and six dozen eggs, Salmonella were 
detected in 10 cartons (9.4 percent) of the 106 dozen eggs sample, positive 
samples were from shells only and no Salmonella were detected from the 
content of eggs sample (76).  
In a study done in United States, the prevalence of Salmonella in eggs 
samples range from 0 to 62.5/10,000 eggs (mean, 0.0264%) (77). In 2005 a 
study done in Mexico city on four hundred (400) eggs, one S. Enteritidis 
contaminated egg was obtained, representing (0.25%) (78). 
In a study done in Albania seventy-nine shell egg lots, representing a total of 
22,945,520 eggs imported into Albania from many countries during the 2-
years period 1996–1997. Salmonella spp. was detected in 1 out of 79 
(1.26%) analyzed pooled samples, the lot consist of 275,000 eggs, 
originating from Bulgaria. Salmonella strain was isolated only from the egg 
shell, but not from the liquid part (79). 
In Brazil a study done on 614 boxes corresponding to 12 flocks (A-M) of 
white laying hens., found that  the percentage of contaminated eggs was 0.2 
and 2.0% in Flocks A and L respectively out of 2,500 eggs  were examined  
(81). 
Eggs from known infected flocks could be expected to have higher levels of 
Salmonella contamination. In a study done in United Kingdom  on eggs from 
known infected flocks suggested an overall minimum contamination rate of 
shells and contents combined of 0.24% (80). In a study done in 1997 it was 
found less than 1% contamination (range 0 to 19%) of individual eggs from 
known infected birds (7).  Whereas it was  found that only 0.1% overall from 
infected flocks and 0.5% from known infected individual birds (7).  In a study 
done  in Canada it was found that the prevalence of less than 0.06% of 
contaminated eggs from two infected flocks (80). Generally, the majority  of 
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estimates of egg infection rates in infected flocks were less than 1% as 
shown in table 5.1 (83). 
Table (5.1): Prevalence within infected Eggs (% of eggs infected in infected 
flocks) (83). 
Description Egg infection prevalence 
S. Enteritidis infected eggs from 2 small infected flocks 1% (11/1,119) 
S. Enteritidis infected eggs in 15 infected flocks. 0.6% (32/5,700) 
S. Enteritidis infected eggs in a single day’s egg 
collection of eggs from an infected flock 
0.007% (1/14,040) 
S. Enteritidis infected eggs in 35 low-prevalence 
infected flocks. 
0.006% (22/381,000) 
S. Enteritidis infected eggs in 2 low-prevalence infected 
flocks. 
0.03% – 0.9% 
S. Enteritidis infected eggs in 60 environmentally 
positive flocks. 
0.0264% (Range 0 – 62.5%) 
S. Enteritidis infected eggs in a large infected flock. In 
eggs from caged birds. In eggs from free-range birds 
0.0228% (2.28/10,000) 
0.015% – 0.041% 
0.149% – 0.190% 
S. Enteritidis infected eggs in 22 infected flocks 0.6% (56/8,698) 
S. Enteritidis in the yolks or albumin of eggs from an SE 
positive flock 
1.4% 
S. Enteritidis infected eggs in flocks in contaminated 
environments 
0.02% (126/562,520) 
Retail eggs in the UK 0.9% 
Retail eggs in Spain 0.5 -1.1% 
Retail eggs in the UK 0.001% (1/70,000) 
Retail eggs in the USA 0.49%. 
 
These results of eggs from known infected flocks suggested an overall 
minimum contamination rate of shells and contents. This is not much higher 
than the results of randomized surveys shown earlier, which included eggs 
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from non-infected flocks. It is also quite likely that levels of Salmonella on egg 
shells in poultry farms would have been greater than those found in the same 
eggs at retail since numbers of organisms are likely to have fallen during 
distribution and storage in the latter. 
Surveys and investigations of eggs for Salmonella contamination have 
played an important role in understanding the extent and pattern of 
contamination. Studies of eggs appear to indicate that those originating from 
some countries outside the UK have a higher rate of Salmonella 
contamination compared to UK-produced eggs. In 1996/97, a survey of non-
UK eggs intended for retail sale found that 2% of samples contained 
Salmonella spp., 1.3% contained S. Enteritidis (69). The Health Protection 
Agency (HPA) outbreak-associated examination of eggs during 2002 to 2004 
showed a higher rate of Salmonella contamination in or on eggs from outside 
the UK and used in catering premises. Most Salmonella isolates were S. 
Enteritidis (5.5% in Spanish eggs; 6.3% in eggs of country of origin not 
known) (69).  
In another study done on table eggs in 8 countries of European Union from 
2000-2002, Salmonella spp. was detected in 0 - 8.1% of eggs. For 2002, a 
Salmonella prevalence above 1% in table eggs was reported in four (Austria 
1.1%, Greece 3.8%, Italy 3.1%, Spain 8.1%) out of eight reporting countries 
(70). 
In another survey done by Food Standards Agency’s (FSA’s) of Salmonella 
contamination in eggs produced outside the UK and on retail sale in England    
which was carried out between March 2005 and July 2006. Salmonella spp. 
was detected from 13.3% and 0.6% of eggs samples that were produced in 
Spain and France, respectively. Salmonella were not recovered from eggs 
produced in Belgium, Germany, Portugal, Republic of Ireland or The 
Netherlands (72). 
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In contrast, rates of Salmonella contamination in UK-produced eggs appear 
to have decreased significantly, clearly demonstrating an improved situation 
which is most likely to be due to the control measures introduced towards the 
end of the 1990s  (1995/6; 1.0%, 2003; 0.3%) (68, 69). 
5.2 Salmonella in egg-laying flocks environment 
5.2.1 Chicken excreta and cloacal swab 
Environmental sampling has been shown to be an accurate indicator of the 
presence of Salmonella in poultry flocks and there is a good agreement 
between the level of environmental contamination and the prevalence of 
caecal infection, the level of internal egg contamination and associated 
human disease (71, 77, 80, 81, 85). 
Despite the high frequency of S. Enteritidis in egg-laying flocks, the 
frequency of S. Enteritidis contamination of individual eggs is low. (1 in 
20,000 eggs)  as reported in United States (82), and the majority of egg 
infection rates in infected flocks in other previous studies are less than 1% as 
shown in table 5.1 and other studies (69, 70, 71, 73, 79, 81, 83). Whereas 
the high frequency of S. Enteritidis in egg-laying flocks was reported from 
1.12 - 64% (82, 7, 83).   
In addition in a study done in United Kingdom the prevalence of S. Enteritidis 
in fecal samples taken from laying houses was (11.4%), whereas the total 
level of contamination by S. Enteritidis of both contents and shells found in 
vaccinated flocks was (0.24%) and the total of contamination for any 
Salmonella serotype was (0.68%) (71). 
In a study done in Canada on seven layers flocks with S. Enteritidis in their 
environment. Salmonella spp. was isolated from all previous flocks and found 
that environmental isolates in each flock were recovered from fecal samples, 
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whereas the overall prevalence of S. Enteritidis contamination of the eggs 
from the two flocks with infected hens was less than 0.06 % (80). 
In a study done in Brazil on 614 boxes corresponding to 12 flocks (A-M) of 
white laying hens to investigate the   presence of Salmonella spp. in flocks of 
white laying hens. S. Enteritidis was detected in feces from four flocks which 
consisted of 129 boxes (33.3%), whereas the percentage of contaminated 
eggs was 0.2 and 2.0% in Flocks A and L out of 2,500 eggs were examined 
(81). 
The results obtained in this current study after the bacteriological 
investigation of the 320 Chicken excreta pools and cloacal swabs   was one 
isolate of Salmonella spp., which was similar to a study done in "Israel" (87), 
and was similar to a study done   in Finland and Norway in 2002    where the 
prevalence of Salmonella spp. was 0% (70), and in general agreement with   
a study   done in 1996 in    Finland, Norway and Sweden which was less than 
1% (70). Whereas there are a high differences with other previous studies in 
United Kingdom, Canada and Brazil (71, 80, 81), and to other studies in 
many countries which range from 1.12 - 64% (82, 7, 83).   
These high differences in this current study and other studies may be due to 
differences in number of flocks and samples. Geographical variations are 
thought to play important role in the prevalence and distribution of 
microorganisms including Salmonella. 
5.2.2 Salmonella in feed samples 
The prevalence of Salmonella spp. as shown in this current study is similar to 
that reported by other investigators in many countries but the differences was 
in the numbers of feed samples. In a study done in 2001 in the European 
Union, the prevalence of Salmonella spp. in Belgium, Greece, Italy and 
Norway was 0% and in 2002 was 0% in Greece, Italy and Norway, whereas 
there are differences in the prevalence of Salmonella spp. in this current 
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study and in Netherlands, Spain and  Austria which range from 0.45% to 
4.8% (70). In addition in a study done in Japan on a total of 4,418 of 
commercial layer feeds, S. Enteritidis were isolated from 143 feed samples 
(3.3%). This result conformed that the commercial layer feeds are 
contaminated with Salmonella and the layer feed is one of the most important 
sources of chicken farm contamination with S. Enteritidis (88). 
5.2.3 Salmonella in water samples 
The results obtained  in this current study after the bacteriological 
investigation of the 88 water samples for the presence of Salmonella were in 
general in agreement with the  result of  water samples  reported  in Gaza 
strip by Public Health Laboratory  received water samples from different part 
of Gaza strip (43). 
In a study done in Iran, all of the wells were contaminated, with a less 
severity, with coliforms. Fecal coliform was detected in the water of all farms. 
From the drinking water of 5 farms, Salmonella serotypes were isolated.  This 
problem could be due to the drainage from the contaminated streams 
adjacent to the farms, since the wells were shallow and didn't placed at a 
proper distance from the streams (89). 
The use of open drinkers in the majority of the farms was favorable to 
contamination, and the presence of Salmonella in the litter was considered 
an important contamination route of the water provided to the birds  as in a 
study done in Canada,  the status of floor litter and drinking water; 223 of 226 
(98.8 %) were culture positive in the litter and 63 of 226 (27.9 %) were 
positive in water (90). Furthermore, S. serotypes Typhimurium and 
Meleagridis were isolated from the water of troughs used by weaned dairy 
calves in California (91). In addition contamination of a tank water supply 
system led to an outbreak of S. Saintpaul with 28 cases of gastroenteritis 
amongst over 200 workers at a large construction site. Frogs and/or mice 
may have been the original source of the contamination (92). 
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This negative result may be due to a good quality of water sources   which 
supply the farms whereas in studies done in Iran, Canada, USA and in 
Australia the use of open drinking water supply to farms, litter, troughs of 
water by weaned dairy calves and stored water without further chlorination 
lead to contamination of water with Salmonella as in previous studies (89, 90, 
91, 92). 
5.3 Detection Limit of Salmonella isolation procedures 
The detection limit of the method we used in this current study was 1.7 
CFU/ml (1-2cells/ml), which considered as a sensitive technique in the 
detection of Salmonella in egg samples. According to one study which found  
that the calculated mean number of S. Enteritidis per contaminated egg was 
7, and in another study which  found that the typical contaminated egg 
harbored about 220 S. Enteritidis organisms (7). In addition, in studies done 
in the United States of America, the rates of contamination with S. Enteritidis 
in an individual egg have been estimated at 10-100 cfu/egg or 0.2-2 
organisms/gram egg (93). Therefore, we believe that the negative results 
obtained in this study are accurate and reflects the existing prevalence rates 
of Salmonella in eggs. 
 
The conventional method for the detection of Salmonella spp.  in this study  
as described in the Bacteriological Analytical Manual  methods and ISO 6579 
were compared to other studies:   
 
In a study done in Slovakia to determine the relative accuracy of the PCR-
based method in comparison to ISO 6579, food samples potentially 
contaminated by Salmonella were analyzed by both methods. Out of 44 
samples analyzed, 9 samples were detected as positive. The PCR-based 
method produced identical results as the reference method for all samples 
which means that its relative accuracy was 100% as shown in table 5.2 (64). 
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Table (5.2): Results of the analysis of Salmonella in naturally contaminated 
samples by ISO 6579 and PCR (64). 
PCR ISO 6579 Number of 
samples 
Food product 
0 0 8 Cream cake 
0 0 4  Ice cream 
0 0  1 Mayonnaise 
2 2 5 Egg melange pasteurized 
0 0  6 Hamburger (raw) 
0 0  3 Cevap (raw) 
0 0 3 Forcemeat (raw) 
3 3 3 Poultry liver (raw) 
2 2 4 Separated poultry meat (raw) 
0 0 5 Salami 
2 2 2  Turkey roll 
In another study done in Taiwan both polymerase chain reaction (PCR) and 
Bacteriological Analytical Manual methods (BAM) were used for the detection 
of the possible presence of S. Enteritidis cells in food samples. The rate of   
contamination of S. Enteritidis was detected as 5.29% by the developed PCR 
and only 4.12% by the BAM method as shown in table 5.3. The results 
shown in table 5.3 reveal that the BAM was less sensitive than the PCR 
method in detecting Salmonella. In the BAM method, the greater the number 
of isolated presumptive colonies from Salmonella–Shigella agar, the greater 
the frequency of accurate results (65). 
Moreover, detection of S. Enteritidis by this PCR method could be completed 
within 30 h as compared with the 5–7 days required for bacterial culture and 
a conventional serological method. Therefore, we recommend the use of 
PCR in the detection of Salmonella in eggs as it proved by many researchers 
as a sensitive reliable technique. 
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Table (5.3): Detection of S. Enteritidis in food samples by BAM and PCR 
(65). 
PCR BAM Samples  
tested 
Sources 
2 1 40 Poultry 
0 0 34 Meat 
0 0  15 Sea food 
3 2 25 Egg 
1 1 15 Salad 
Foods 
0 0 15 Feed 
3 3 26 Fecal  specimen 
Others 
9 7 170 Total 
 (BAM, Bacteriological Analytical Manual; PCR, polymerase chain reaction) 
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CHAPTER VI  
CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions  
Salmonellosis is a leading food-borne disease worldwide. A wide range of 
foods has been implicated in such disease. However, foods of animal origin, 
especially poultry and poultry products, including eggs, have been 
consistently implicated in sporadic cases and outbreaks of human 
salmonellosis. 
The present study focused on the isolation of Salmonella spp. in  596 
samples (100 egg pools, 88 feed samples, 320 chicken excreta and cloacal 
swabs and 88 water samples) were collected from 12 poultry farms in  Gaza 
strip.  
The following conclusions are drawn from the results of the present 
study: 
1. One hundred egg pools (600 eggs) samples were negative for Salmonella 
spp. 
2.  Eighty eight feed samples were negative for Salmonella spp. 
3. Out of three hundred twenty Chicken excreta pools and cloacal swabs, 
only one Salmonella isolate was detected from khan-Younis poultry farms. 
4. Eighty eight water samples were negative for Salmonella spp. 
5.  All farm owners claimed that all egg-laying chickens had received update 
of vaccinations.  
6. The detection limit of the method we used in this current study was 1.7 
cfu/ml (1-2 cells/ml), which is considered as a sensitive technique in the 
detection of Salmonella in egg samples. 
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7. Environmental sampling has been shown to be an accurate indicator of the 
presence of Salmonella in poultry flocks and there is good agreement 
between the level of environmental contamination and the prevalence of 
caecal infection and the level of internal egg contamination. 
Relevant conclusions from the literature  
1. Despite the high frequency of S. Enteritidis in egg-laying flocks, the 
frequency of S. Enteritidis contamination of individual eggs is low. (1 in 
20,000 eggs) as reported in United States 
2. The results of eggs from known infected flocks suggested an overall 
minimum contamination rate of shells and contents not much higher than 
the results of randomized surveys shown earlier, which included eggs 
from non-infected flocks. 
3. The type of drinker is an important factor that interferes in the quality of the 
water that is provided to the birds. 
4. In most studies of egg production from chickens infected with                   
S. Enteritidis, shell contamination has exceeded that of contents. 
5. The  most reported Salmonella studies in humans in the last 10 years in 
the world, of which the origin of infection was traced back to eggs, were 
caused by S. Enteritidis; followed by  S. Typhimurium . 
6.2 Recommendations 
Eggs are among the most nutritious foods on earth and can be part of a 
healthy diet. However, they are perishable just like raw meat, poultry, and 
fish. Unbroken, clean, fresh shell eggs may contain S. Enteritidis bacteria 
that can cause food-borne illness. While the number of eggs affected is quite 
small, there have been cases of food-borne illness in the last few years. To 
be safe, eggs must be properly handled, refrigerated, and cooked. 
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6.2.1 Recommendations for egg producers 
These points for good management practice must be strictly adhered to by    
egg producers. 
1. It is illegal to sell cracked eggs for retail sale or for catering purposes.  It 
is essential that all eggs for sale must be candled to remove cracked 
eggs.  Cracked eggs must be disposed of or only sold to businesses to be 
pasteurized.  
2. Minimize fecal contamination of feed and chlorinated water by using 
equipment which prevents birds perching above feed and chlorinated 
water supplies or is designed to prevent direct contamination.  
3. Nests should be kept as clean as possible by removing faeces and broken 
eggs out of nests and cleaning nest pads.  Nest material must be kept 
topped up and fresh.  
4. Collect eggs daily and more often in the event of increased floor eggs and/ 
or in the event of hot weather conditions.  Dirty or cracked eggs must be 
separated from clean eggs as soon as possible to minimize 
contamination.  
5. Eggs must be collected and packed on clean cardboard packaging or 
clean and sanitized plastic packaging or clean and sanitized baskets to 
prevent contamination.  
6. Dirty eggs must either be dry cleaned or washed and these 
procedures must be carried out very carefully to prevent the risk of 
increased contamination. 
7. Cool all eggs immediately after collection.  Cool rooms should be set at 15 
ºC and be capable of maintaining this temperature.  
8. Eggs offered for sale must be free of faeces, dirt and stains and must only 
be sold in clean and dry packaging.  
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9. There must be some method of identifying the source of all eggs offered 
for sale.  
10. Premises and equipment for handling and storage of eggs must be 
maintained in a sanitized state fit for the production of food for human 
consumption. 
11. Egg farms must be regularly visited by field inspectors to monitor bird 
health by recording feed and water intake, rate of lay, egg quality, bird 
behaviour and appearance. 
6.2.2 Recommendations for consumers 
To minimize the potential risk of salmonellosis due to the consumption of 
eggs and to be safe they must be safely handled, refrigerated, and cooked 
(28, 53, 98). 
The following are some recommendations: 
1. Avoid using cracked eggs as they are more likely to be contaminated and 
thus present a higher health risk. 
2. Eggs stained with dirt should be washed. Washed eggs should then be 
used as soon as possible. 
3.  Eating raw or undercooked eggs should be avoided, especially by young 
children, the elderly and immunocompromised persons. 
4. In hospitals, nursing homes, food service establishments, day care 
centers, elementary schools, and commercial kitchens, pasteurized egg 
products should be used in recipes that call for pooled eggs or in which 
eggs are not thoroughly cooked. 
5. Eggs should be cooked until all parts reach a minimum temperature of 
70°C and both the yolk and the white are firm. Scrambled and fried eggs 
need to be cooked in small batches until they are firm (not runny 
throughout). Boiled eggs, depending on their initial size and temperature, 
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may require a minimum boiling period of 7 to 9 minutes to ensure that the 
yolk becomes firm. 
6. Hands, cooking utensils, and food-preparation surfaces should be washed 
with hot water and soap after contact with raw eggs or foods containing 
raw eggs. 
7. Eggs should be stored at less than or equal to 7.2 °C at all times. 
8. Avoid contaminating the egg contents with the outside of the shell when 
cracking. 
9. Prevent cross-contamination between raw eggs and other food. 
10. Pooling eggs is especially risky. If you must pool eggs, pool the eggs just 
prior to cooking and always cook them to 68°C for at least 15 seconds. 
Only pool the number of eggs you will use immediately and never store 
pooled eggs. 
6.2.3 Recommendations for Public Health Authorities 
1. The finding that Salmonella spp. was not detected in any egg sample 
tested (n=100); suggests that an appropriate cleaning and disinfection 
program associated with a good quality of living birds might decrease the risk 
of environmental contamination. To confirm a lower infection rate many more 
samples would need to be taken (e.g. 30,000 to confirm an infection rate of 
<1 in 10,000). 
2. Despite of negative result in egg pools, feed samples and water samples it 
is recommended that Salmonella must be screened for in eggs from poultry 
farms and retail stores, poultry feed, chicken cloacal swabs and from water 
samples. 
3. Salmonella testing service of egg and poultry farms should be introduced 
to Public Health Laboratory in the Ministry of Health, Ministry of National 
Economy Laboratory and Ministry of Agriculture in Palestine. 
4. Eggs imported to the Gaza strip for hatcheries should be periodically 
tested. 
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5.  Egg-laying chickens should be received update of vaccinations, and this 
may be prevent Salmonella contamination.  
6.2.4 Research recommendations  
1. Other similar studies including West Bank and Gaza strip to provide 
national and seasonal data regarding Salmonella in hen's eggs and their 
environment. 
2. Further studies on the national level to identify Salmonella serotypes 
prevalent in Palestine are recommended. 
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  :أخي المزارع
البحث إلى فهم مخاطر التي يمكن أن يتعرض لها كالً من المستهلك والمزارع إذا كـان البـيض يهدف هذا 
المستخدم ملوث بجرثومة السالمونيال والتي غالباً ما تؤدي إلى مضاعفات خطيرة يمكن التخلص منها بإتباع 
  .إجراءات وقائية بسيطة في كل من المزرعة والبيت
إن تعاونك معنا في إتمام االستبيان وجمع العينات سوف يعود بالفائدة على المجتمع بأكمله وسوف يقلل مـن 
  .المخاطر التي يتعرض لها كل من المزارع والمزرعة والمستهلك
إن النتائج التي سيتم الحصول عليها سيتم إعالمك بها في نهاية البحث وكذلك بالتوصيات التي خـرج بهـا 




 أشرف كامل مسلم/ الباحث 
  
  
   
 
  -----------------موقع المزرعة
  ------------اسم صاحب المزرعة
  -----------------الوقت والتاريخ
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  ------------- - ------------- - -    ما هو عدد الدجاج البياض -1
 ------------- - ------------- - -     ما هو نوع الدجاج -2
 ------------- - ------------- - -    ما هو عمر الدجاج -3
 
 -------------------------------------------------------  كم عدد الدجاج في القفص -4
 خمسة         ثالثة       
 ما هو نظام المزرعة                                       -5
 مغلق     مفتوح             
 ما هي الطريقة التي يتم فيها تقديم األعالف                    -6
 آلية       يدوية            
                       كيف يتم جمع البيض                   -7
 آلي     يدوي              
 ما هو نوع األطباق التي يتم جمع البيض فيها                  -8
  مستعملة      جديدة            
 هل يلبس المزارع مالبس خاصة عند دخوله المزرعة         -9
 ال                    نعم
               هل يدخل المزارع المزرعة فقط أم آخرون   -10
 ال               نعم                          
 هل يتم فرز البيض المكسور من البيض السليم               -11
 ال                            نعم                    
 أين يذهب البيض المكسور                                  -12
 أخرى     مصانع                
 هل يتم تنظيف البيض المتسخ بالروث                       -13
 ال         نعم                       
 هل يتم تنظيف المزرعة ؟                                   -14
 ال     نعم                    
 هل يتم اختالط البراز باألعالف                             -15
 ال          نعم                   
 هل يتم اختالط البيض بالروث                               -16
 ال     نعم                          
 ما هي مصادر المياه التي تغذي المزرعة                   -17
 بلدية     بئر خاص              
 هل يتم استعمال األدوية في الماء في المزرعة             -18
 ال     م               نع          
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 أين هو مكان تجميع البيض                                -19
  خارج المزرعة           المزرعة داخل            
 
 أين يتم تصريف روث الدجاج                              -20
  أخرى     سماد                       
               كيف يتم التخلص من وفيات الدجاج          -21
  أخرى     دفن                     
 هل يتم تطعيم الدجاج                                      -22
   ال      نعم                      
 هل قمت بتعبئة استبيان قبل ذلك                             -23
 ال        نعم                        
 هل يزورك طبيب بيطري -24













The research aims to understand the risks that both the farmer and customer 
may get if the used eggs are contaminated with Salmonella, which often 
leads to dangerous complications. These complications can be get rid off by 
taking simple preventative measures in both of the farm and the house. 
Your cooperation with us in filling in this questionnaire and samples collection 
will benefit the whole society and will reduce the risks, which the farmer, 
farm, and customer may be subjected to. 
We will inform you with the results, which will be obtained at the end of the 
research as well as the recommendations if you wanted so. 
 
1- What is the number of chicken?  ----------------------- 
2- What is the kind of chickens?   ------------------------ 
3- How old are the chicken?  ------------------------ 
4- How many eggs (production)? ------------------------  
5- How many chickens are in the cage? ------------------------ 
  Three     Five 
6- What is the system of the farm? 
Open     Close 
7- What is the method the fodder is offering? 
Manual    Automated 
8- How the eggs are collected? 
Manual    Automated 
9- What are the kinds of the containers in which the eggs are collected?  
              New     Used   
10- Does the farmer wear special wear when he enters the farm? 
Yes     No 
Site of farm: ------------------- 
Farmer owner's name: ------ 
Questionnaire No: ------------ 
Date: --------------- 
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11- Do other people enter the farm other than the farmer? 
Yes     No 
12- Are the cracked eggs distinguished from the untouched eggs? 
Yes     No 
13- Where do the cracked eggs go? 
Factories    other 
14- Are the stained eggs clean? 
Yes     No 
15- Is the farmer clean? 
Yes     No 
16- Do the chicken excreta mix with fodder? 
Yes     No 
17- Do the chicken excreta mix with the eggs? 
Yes     No 
18- What are sources of the water, which supply the farm? 
Special well    municipality  
19- Are there drugs used in the farm water? 
Yes     No 
20- Where is the collection place of the eggs? 
Inside the farm   outside the farm 
21- How the chicken's excreta are drained? 
Fertilizer    Other 
22- How the dead chickens are get rid off? 
Buries     Other 
23- Are the chickens vaccinated? 
Yes     No 
24- Did you previously fill a questionnaire? 
Yes     No 
25- Does a veterinarian visit the farm? 
Yes     No 
Thanks for your cooperation 
 
Researcher: 
Ashraf Kamel Msallam 
 
Supervisors: 
Dr. Abedelraouf A. Elmanama 
Dr. Abboud El kichaoui 
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